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MAMMALIAN TfflOREDOXIN 



This invention relates to the isolation and characterisation of nucleic acid encoding for a 
new mammalian thioredoxin and to a protein or polypeptide produced from such nucleic 
acid. 

Thioredoxin (Trx) is a 12-kDa protein, known to be present in many prokaryotes and 
eukaryotes and appears to be truly ubiquitous in all living cells (Holmgren, A. (1984). 
Methods Enzymol. 107, 295-300, Holmgren, A. (1985). Ann. Rev. Biochem. 54, 
237-271). It is characterized by an active site sequence -Trp-Cys-Gly-Pro-Cys-Lys-, which 
has been conserved throughout evolution. The active site of ttiioredoxin is localised in a 
protrusion of its three dimensional structure (Jeng. M. F. etal (1994) Structure 2, 853-868) 
and the two cysteine residues provide the sulfhydryl groups involved in Trx-dependent 
reducing activity. Oxidized thioredoxin, Trx-S2, is reduced to Trx-(SH)2 by the 
flavoenzyme thioredoxin reductase (TR) and NADPH (the thioredoxin system) 
(Holmgren, A. (1985) supra). 

Mammalian thioredoxins isolated from several sources (e.g. rat and calf liver, rabbit bone 
marrow and human placenta) have certain strucmral differences with respect to those from 
prokaiyotes. In addition to the active site cysteine residues, two or diree (depending on the 
Trx source) additional structural cysteine residues exist in the C-terminal half of the 
molecule. Oxidation of these residues leads to a loss of its enzymatic activity (Ren. X et al. 
(1993) Biochemistry 32, 9701-9708). 

More than one thioredoxin exists in many eukaryotes, e.g. yeast (Muller E. G. (1992) 
Yeast 8, 1 17-120). However, only one thioredoxin (Trx 1) has thus far been cloned from 
mammalian cells. 

Mammalian thioredoxin has been implicated in a wide variety of biochemical functions 
acting as hydrogen donor for ribonucleotide reductase (Thelander, L., Reichard, P. (1979) 
Ann. Rev. Biochem. 48, 133-158) and methionine sulfoxide reductase (Holgren, A. (1985) 
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Supra), facilitating refolding of disulphide-containing proteins (Holmgren, A. (1988). In 
"Plasma Membrane oxidoreductases in Control of Animal and Plant Growth". "NATO 
ASr series, eds, F.L. Grane et al.. Plenum Press, New York 295-302), (Lundstrom, J., 
Holgren, A. (1990). J. Biol. Chem. 265, 91 14-91 120)) and activating the glucocorticoid or 
11^2 receptors (Grippe, J.F., Holgren, A., Pratt, W.B. (1985) Biol. Chem. 260, 93-97), 
Tagaya, era/ (1989) EMBO J. 8, 757-764)). It can also modulate the DNA binding activity 
of some transcription factors either directly (TFniC(9), BZLFl(lO) and NF-kB(ll)) or 
indirectly (AP-1) through the nuclear factor Ref-1 which in turn is reduced by thioredoxin 
(Abate, C, et al (1990). Science 249, 1157-1161). The importance of the redox regulation 
of transcription factors by thioredoxin is exemplified by the \-fos oncogene where a point 
mutation of Cysl54/Ser results in constitutive activation of the AP-1 complex (Okuno, H. 
et al (1993) Oncogene 8, 695-701). Thioredoxin can be secreted by cells using a leaderless 
pathway (Ericson, Mi., et al (1992) Lumphokine & Cytokine Research 11, 201-207; 
Rubartelli, A., et al (1992) /. Biol. Chem. 267, 24161-24164; Rubartelii. A., etal (1995) 
Cancer Res. 55, 675-680) and stimulate the proliferation of lymphoid cells, fibroblasts and 
a variety of human solid tumour cell lines (Wakasugi, N., et al (1990). Proc. Natl. Acad. 
SCI. USA 87, 8282-8286; Oblong, J. E., et al (1994) /. Biol. Chem 269, 11714-11720; 
Nakamura, H., et al (1992) Cancer 69, 2091-2097; Gasdaska, J.R., et al (1995) Cell 
Growth & Differendation 6, 1643-1650). Furthermore, Trx is an essential component of 
the early pregnancy factor (Clarke F. M. et al. (1991) Reproduction & Fertility 93, 
525-539), it inhibits HIV expression in macrophages (Newman, G.W. et al (1994) /. 
Experim. Medicine 180, 359-363), can reduce H.Oj (Spector A et al (1988) /. Biol. Chem. 
263, 4984-4990), scavenge free radicals (Schallreuter K. U., Wood J. M. (1986) Biochem 
Biophys. Res. Commun. 136, 630-637) and protect cells against oxidative stress 
(Nakamura, H. et al (1994) Immunology Letters 42, 75-80). 

The inventors have identified a novel mammalian thioredoxin which is functionally and 
structurally distinct from the previously known mammalian thioredoxin. This novel 
thioredoxin is known as Trx2. 

Accordingly, a first aspect of the invention provides an isolated nucleic acid molecule 
encoding the Trx2 gene product or a polypeptide which is functionally similar to Trx2. 
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Preferably, the nucleic acid molecule comprises the nucleic acid sequence shown in Figure 
1 A or Figure 9. 

The nucleic acid molecule may be cDNA. 

Preferably the nucleic acid has at least 60%, 70% or 80% homology, more preferably 90% 
homology, to the nucleic acid sequences of Figure lA or Figure 9 encoding the Trx2 gene 
product or a polypeptide which is fiinctionally similar to Trx2. This allows, for example, 
for variations in the sequence which still allows the production of Trx2, by virtue of 
degeneracy of the genetic code. 

It is intended that the term "functionally similar to Trx2" means the polypeptide has 
thioredoxin activity, as indicated, for example by the catalysis of disulphide reduction or 
insulin with NADPH in the presence of mammalian thioredoxin reductase which is 
resistant against oxidation compared to Trxl. The known Trxl exhibits oxidation of 
cysteine residues which results in a loss of its enzymatic activity (Ren X et al. (1993) 
Biochemistry 32, 9701-9708). Trx2, however, lacks these cysteine residues. 

A second aspect of the invention provides polypeptides, preferably mature proteins, 
encoded by nucleic acid according to the first aspect of the invention. Preferably, the 
polypeptide comprises the amino acid sequence of Figure lA or Figure 10. 

Analysis of the amino acid sequence of Trx2 indicates that it may be processed into a 
mature protein by enzymatic action. Accordingly, the invention also provides a mature 
protein, fragment, homologue or analogue which is at least functionally similar to Trx2. 
The invention also includes recombinant or synthetic polypeptides having die same or 
preferably better, functionality compared to native Trx2. 

Preferably the mature protein comprises the amino acid sequence of Figure 1 A from Thr 
59 to Asp 166, or the sequence of Figure 10 from Leu 59 to He 166. 
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A further aspect of the invention provides plasmids or other vectors comprising nucleic 
acids according to the first aspect of the invention. Such plasnaids or other vectors are 
preferably expression vectors of the sort known in the art, into which a nucleic acid 
according to the invention can be inserted. 

Such plasmids or vectors may be inserted into a suitable microbial host, such as E.coli, 
or a suitable cell of the type known in the art for expression of the nucleic acid sequences 
of the invention such as a mammalian or insect cell. Accordingly, the invention provides 
bacterial, mammalian or insect cells comprising vectors or plasmids according to the 
invention. 

Thioredoxin 2 (Trx2) is advantageous in that it is resistant to oxidation, and is translocated 
to mitochondpa. Mitochondria are the sites of vital cellular functions such as Upid 
metabolism and aerobic respiration (oxidative phosphorylation). In respiration, incomplete 
reduction of dioxygen results in the formation of reactive oxygen intermediates, ROIs, 
(hydrogen peroxide, the superoxide anion O2- and the hydroxyl radical OH). Increased 
levels of ROIs, referred to as oxidative stress, can result in lipid peroxidation, inactivation 
of proteins and strand breakage in DNA. Thioredoxin can: act as an antioxidative 
molecule and scavenge hydroxyl radicals, reduce hydrogen peroxide and reactivate 
proteins inactivated by oxidation. 

Accordingly the invention provides therapeutic applications of Trx2 including protection 
against oxidative stress induced cytotoxicity and tissue damage. More specifically Trx2 
may be used to protect against ischaemic damage, eye disease, radiation, and drag toxicity. 

In relation to the treatment of ischaemic damage of organs, active oxygen species are 
thought to play a part in ischaemia reperfusion injury. In many heart attacks and strokes an 
ischaemic period is followed by a reperfusion period during which oxygen radicals are 
produced and probably are the true cause for heart attack and stroke damage. Trx2 may be 
used as protective compound to attenuate ischaemia reperfusion injury. 
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In relation to the treatment of eye diseases, many diseases of the eye including cataract 
involve piioto-oxidative stress. Trx2 may be used for protection of retinal cells from 
damage caused by active oxygen species generated during oxygen stress to the retina. 

In relation to the treatment of radiation, exposure to radiation is a major source of oxygen 
radical oxidation. Trx2 may be used as a radio-protective compound to attenuate the 
effects of radiation. 

Finally, in relation to the treatment of drug toxicity, several commonly used drugs (eg. 
adriamycin) exhibit a variety of undesirable side effects caused by generation of reactive 
oxygen species. For example, in the use of adriamycin, where cardiotoxicity is the major 
form of damage, Trx2 can be used to eliminate side effects. 

The invention will now be described by way of example only, and with reference to the 
accompanying Figures 1-15 in which: 

Figure 1 shows cDNA, deduced amino acid sequence and predicted secondary stincture of 
rat Trx2. A) The deduced amino acid sequence in the single letter code is shown under the 
nucleotide sequence. The active site is boxed and the potential polyadenylation signal is 
underlined. B) Secondary structure was predicted using the DNASTAR program and the 
Garnier-Robson algorithm. The Kyte-Doolittie algorithm was appUed for the hydropathy 
blot of Trx2 amino acid sequence; 

Figure 2 shows in vitro translation of Trx2 cDNA using the Sp6 RNA polymerase, the 
TNT coupled reticulocyte transcription translation system and ["S] methionine. The 

product was analyzed by SDS-PAGE; 

Figure 3 shows alignment of the predicted amino acid sequence of rat Trx2 with that of 
human and rat Trxl . A) Analysis of the N-terminal part of the predicted rat Trx2 amino 
acid sequence. Secondary structure prediction of the region suggests an a-helix as 
indicated. The arrow indicates the probable mitochondrial signal peptide protease cleavage 
site as determined by the consensus motif for the cleavage by the two protease model 
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(Hendrick J. P., Hodges, P.E., Rosenberg, L.E. (1989) Proc. Nad. Acad SCI. USA 86. 
4056-4060). In bold are; arginine at -10; hydrophobic residues at position -8; residues S, G 
and T present in position -5. B) The alignment is based on a three-dimensional structure of 
E.coli thioredoxin (Eklund, H., Gleason, F.K., Holmgren, A. (1991) Proteins 11, 13-28). 
Black boxes indicate conserved amino acid residues in human Trx, rat Trxl and rat Trx2. 
The structure contains four a-helices, a distorted 3io helix and five 6-sheets as indicated 
below the amino acid sequence; 

Figure 4 shows a phylogenetic tree. The phylogenetic tree was constructed by the Clustal 
method with the PAM250 residue weight table; 

Figure 5 shows Northern blot analysis of Trx i and Trx2 in rat tissues. Each lane contains 2 
(ig poly(A)+ RNA. The blot was hybridized with the Trxl and Trx2 probes as described 
under "Experimental Procedures". Tissues used for analysis are shown at the top. The 
estimated size of the mRNAs was 0.6 kb and 1 .3 kb for Trxl and Trx2, respectively; 

Figure 6 shows RT-PCR analysis of transcripts encoding Trxl, and Trx2. One jig of total 
RNA was reverse transcribed and one \il was used as template for PGR with specific 

primers for Trxl, Trx2 and B-actin. The products were separated by agarose gel 
electrophoresis, transferred to membranes and probed with specific oligonucleotide 
probes; 

Figure 7 shows immunoblotting analysis of cell fractions. Cell fractions were analyzed by 
SDS/PAGE and developed with anti-Trx2 antibodies. Lane 1, A-Trx2 (5ng). Lane 2, total 
rat liver cell extract (15 fig), Lane 3, cytosolic fraction (15 |ig). Lane 4, mitochondrial 
fraction (15 pg). Lane 5, peroxisomal fraction (15 ng). Lane 6, human Trxl (5ng); 

Figure 8 shows analysis of Trx activity. Oxidized Trx2 and human thioredoxin were 
assayed for their ability to reduce insulin in the presence or absence of DTT. The reaction 
was stopped after 20 min by the addition of 6 M guanidine-HCI, ImM DTNB; 

Figure 9 shows human Trx2 cDNA sequence; 
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Figure 10 shows the predicted human Trx2 amino acid sequence based on the cDNA 

sequence of Fig. 9; 

Figure 1 1 shows two human liver cDNA sequences that code for proteins which interact 
withTrx2; 

Figure 12 shows five rat brain cDNA sequences that code for proteins which interact with 
Trx2; 

Figure 13 shows the human trx2 gene; 

Figure 14 shows a gel picture of a PGR product in chromosome 22; and 

Figure 15 shows the mRNA levels of the human Trx2 analysed by using an RNA master 
blot (Clontech). 

1. Cloning of rat thioredoxin 2 

The primary structure of the active site of thioredoxin (WVDFSATWCGPCK), which is 

conserved throughout evolution was used to design degenerate primers which were 
labelled with and used as probes for screening a rat heart cDNA library (Clontech) for 
novel thioredoxin genes. Approximately IxiO* plaques were screened according the 
instructions of the manufacturer (Ainersham) and a positive bacteriophage was isolated. 
The insert from the bacteriophage was excised, cloned into the TA-vector (Invitrogen) and 
sequenced. A 392 bp portion of the above clone was amplified by PGR (30 cycles at; 94''C 
for I min, 52°C for 1 min and 72°C for 1 min) with specific primers (trx2fl: 
5 -AACCTTTATCGTCCAGGATGGAC-3' and trx2rl: 
5'-GCTGGGAGTTCTACTAGGTTCC-3'). 

The PGR product was '^P-labelled by random priming and used to rescreen the same 
library under high-stringency conditions. Hybridization was performed at 60°C in 
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Expresshyb hybridization solution (Clontech), followed by five 10 min washes in 2 x 
SSC-0.1%SDS (1 X SSC is 0.15M NaCl plus 0. 15M sodium citrate) at room temperature 
and finally two 40 min washes in 0. l%SSC-0. 1 %SDS at 60°C. More than 600,000 clones 
were screened and 5 clones were isolated, cloned into the TA-vector and sequenced. All 
clones were overlapping and the longest one, Trx2, possessed an open reading frame of 
501 bp beginning with an ATG initiation codon and ending with a TGA termination 
codon. To obtain the fiill length cDNA 5' Rapid Amplification of cDNA Ends (RACE) 
with nested PGR using oligonucleotide-anchored heart cDNA template (Clontech) in the 
presence of an anchor-specific primer and an antisense primer complementary to the 3' 
untranslated region of Trx2 (trx2r2: 5'-GCTGGGAGTTCTACTAGGTTCC-3') was 
performed as described in the Clontech protocol. PGR products were cloned into the 
TA-vector and sequenced. A cDNA fragment was amplified that overlapped Trx2 and 
encoded 46 bp of a novel 5' sequence including an in frame TGA stop codon upstream of 
the ATG initiation codon. The overall composite sequence consists of 1276 bp, including a 
stretch of 20 adenosines corresponding to the poly (A) tail and an AATAAAA motif, 18 bp 
upstream from the poly (A) tail. The open reading frame encodes a protein of 166 amino 
acids with a predicted mass of 1 8.2 kDa and a pi of 7.9 (Figures 1 A, IB). 

In order to confirm that the open reading frame sequence present in the Trx2 clone is 
functional and codes for translatable protein, the cDNA was transcribed from the SP6 
promoter of the TA-Trx2 clone and 0.5 |Jg was translated using the TNT coupled 
reticulocyte lysate system (Promega) and Sp5 RNA polymerase with incorporation of 
["SJmethionine for 60 min at 30°C. The translation products were analyzed by 15% 
SDS-poiyacrylamide gel electrophoresis and visualized by autoradiography. The results 
showed a 20-kDa translation product, indicating the presence of translatable, functional 
coding sequence (Figure 2). 

2. Analysis of the deduced amino acid sequence 

The N-terminal region of the protein has a high content of positively charged residues and 
secondary structore prediction indicated a potential a-helix followed by 6-sheets (Figure 
IB). 
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These features are common to most mitochondrial targeting signal peptides (Neupert, W. 
(1994). Clinical Investigator 72, 251-261) and an algorithm analysis of the partial amino 
acid composition, indicated mitochondrial intracellular localization (Newman, G. W. et al 
(1994). /. Experim. Medicine 180, 359-363). A motif for mitochondrial prepeptide 
proteases (Hendrick J. P., Hodges, P.E., Rosenberg, L.E. (1989) Proc. Natl. Acad. SCI. 
USA. 86, 4056-4060) was also found with the cleavage site between Ser 58 and Thr 59 
(Figure 3A). This putative cleavage results in a 12.2 kDa mature protein, which is similar 
in size to previously reported thioredoxins. 

The C-terminal half of the protein contained the active site found in all tiiioredoxins with 
the characteristic amino acid sequence, Trp-Cys-Gly-Pro-Cys-Lys. The molecule showed a 
35% homology with other mammalian thioredoxins and many of the structural amino acids 
that are conserved in mammalian thioredoxins, i.e Phe-12, Pro-40, Asp-59, Lys-82, were 
also conserved in Trx2 (Figure 3B). However, amino acids participating in protein-protein 
interactions such as Ala-93 and Glu-57 are changed to Be and Lys, respectively. One major 
difference between Trx2 and mammalian thioredoxins is the absence of structural 
cysteines, residues which are present in all mammalian thioredoxins. 

Trx2 has higher homology with the E.coli thioredoxin than with the known mammalian 
proteins and a phylogcnetic analysis places Trx2 in a different branch of the tree, distant 
from die mammalian proteins and closer to the prokaryotic and lower eukaiyotic ones. 

Sequence relatedness is summarized in Figure 4. 

3. Northern Wot and RT-PCR analyses of Trxl and Trx2 mRNA expression 
A rat multiple tissue northern blot with 2 |Jg/lane of highly pure poly (A) + RNA from 
different rat tissues (Clontech) was hybridized with two probes, one of 360 bp specific for 
rat thioredoxin (Trxl) and one of 392 bp specific for Trx2 as described in Spyrou et al 
(1996) /. Biol Chem 272, 2936-2941 . Rat Trxl and Trx2 open reading frame probes were 
labelled with ['^PldCTP by a random priming procedure and hybridized in ExpressHyb 
solution (Clontech). The Trxl probe hybridized to an mRNA of 0.6 kb with highest levels 
in lung, liver and kidney (Figure 5). The Trx2 mRNA was detected as a 1 .3 kb band, in 
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agreement with the size of cDNA (1,276 bp) and it was highly expressed in heart, liver, 
skeletal muscle and kidney. RT-PCR was used to compare the relative expression of Trxl 
and Trx2 in tissues where the expression of these proteins may be very low. (Figure 6). 
For RT-PCR analysis, male and female rats (6-8 weeks old) were killed by cervical 
dislocation, tissues were collected and samples were immediately processed for total RNA 
isolation according to the acid guanidium thiocyanate-phenol-chloroform single step 
extraction protocol (Chomczynski, P., Sacchi, N. (1987) /. Biol. Chem. 162, 156-159). The 
integrity and quality of the purified RNA was controlled by formaldehyde denaturing 
agarose gel electrophoresis and by measuring the Aieo/Am ratio. 

For first strand synthesis, total RNA (lug) was dissolved in 10 nI water, heated to TCC for 
5 min and tiien chilled on ice. The volume was increased to 20 |il, giving a final 
concentration of 1 tnM each dATP dGTP, dCTP, dTTP, 10 mM DTT, 5 pmol random 
hexamers/1 (Promega), 1 U RNAsin/fil, 200 U Superscript RT (GIBCO-BRL) and the 
incubation buffer recommended by the supplier. For PGR amplification 1 fil of cDNA 
(total 20 lil) was subjected to PGR and amplified for 24 cycles by incubation at 94''C for 
10 sec, 54°C for 30 sec and 72°C for 60 sec in a PCR9600 thermocycler (Perkin-Elmer, 
Norwalk, CT). The oligonucleotides trx2fl: 5'-AACCTTTATCGTCCAGGATGGAC-3' 
and trx2rl: 5'-GCTGGGAGTTCTACTAGGTTCC-3' were used for the amplification of a 
392 bp fragment of the Trx2 mRNA. The oligonucleotides trxlf 1: 5' - 
CCAAAATGGTGAAGCTGATCGAGAG-3' and trxlrl: 5'- 

TGATTAGGCAAACTCCGTAATAGTG-3' were used for the amplification of a 360 bp 
fragment of the Trxl mRNA. The oligonucleotides Act 5', CTGGCACCACACCTTCTA 
and Act 3', GGGCACAGTGTGGGTGAC were used for the amplification of a 238 bp 
fragment from 6-actm mRNA. After agarose gel electrophoresis and blotting to 
nitrocellulose filters the PGR products were hybridized to "P-labelled internal 
oligonucleotides: trx2r2: 5'- 

CACCACCTTCCCGTGCTGTTT-GGCTACCATCnCTCTAACCGAGGTCC-3'for 
Trx2, trxlr2: 5'- 

CTGGAATGTT-GGCGTGCATTTGACTTCACACTCTGAAGCAACATCCTG-3'for 
Trx 1 and actin primer 5'- GATGACCCAGATCATGTTTGA-3'. 
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Hybridization was performed at 50°C in Expresshyb hybridization solution followed by 
five 10 min washes in 2xSSC-0. 1 %SDS at room temperature and finally two 40 min 
washes in 0.1%SSC-0.1%SDS at 50°C. While Trxl is found to follow the P-actin 
expression with higher expression in colon and liver, Trx2 gave a completely different 
pattern. It was highly expressed in cerebellum, heart, skeletal muscle, kidney, adrenal 
gland and testis. No cross hybridization between Trxl and Trx2 was observed. 

4. Expression of recombinant thioredoxinZ and subcellular localization 

The C-terminal part of the cDNA encocKng a part of rat Trx2 (aa 60-166, Trx2) was 
amplified by PCR from the TA-Trx2 plasmid by using two mutagenic primers that 
introduce a Ndel (trx2pl: 5'-ACCACCAGAGTCCATATGACAACCTTTAACGTC-3') 
and afiomH I (trx2p2: 5'-CTGGCCGGATCCCTGCTTATCAGCCAATTAGC-3") site at 
the N-terminus and C-terminus of the polypeptide respectively. The amplified DNA was 
cloned into the Ndel-BamHl sites of the pET-15b expression vector (Novagen) under the 
control of aT7 promoter, and the resulting plasmid, pET-trx2 was transformed into the E. 
coli strain BL21 (DE3). A single positive colony was innoculated in 1 1 of L-brofh with 
50 ng/ml arapicillin and grown at 37°C until OD6oo=0.5. Then, fusion protein expression 
was induced by addition of 0.5 mM IPTG and growth continued for another 3.5 h. The 
cells were harvested by centrifugation at 10,000 x g for 10 min, the pellet was resuspended 
in 50 ml of 20 mM Tris-HCl pH 8.0, 100 mM NaCl and I mM PMSF. Lysozyme was 
added to a final concentration of 0.5 mg/ml with stirring for 30 min on ice. Subsequently, 
MgCl2 (10 mM), MnCb (ImM), DNAse I (10 pg/ml), and RNAse (10 pg/ml) were added 
and the incubation was continued for another 45 min on ice. The cells were disrupted by 
sonication for 8 min, the supernatant was cleared by centrifugation at 15,000 x g for 30 
min and loaded onto a Talon resin column (Clontech) and the protein was eluted with 20 
mM imidazole. The size and purity of the eluted protein was determined by SDS-PAGE on 
a 15% gel. A single band of 15 kD was detected after the Talon chromatography (data not 
shown). 

The inventors next analyzed the subcellular localization of Trx2 using affinity purified 
polyclonal antibodies obtained from inununized rabbits (Zeneca Research Biochemicals, 
England). After 6 immunizations, serum from the rabbits was purified by ammonium 
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sulfate precipitation. Affinity-purified antibodies were prepared using a cyanogen 
bromide-activated Sepharose 4B column, onto which 0.5 mg of Trx2 had been coupled 
using the procedure recommended by the manufacturer (Pharmacia). Specificity of the 
antibodies was tested by western blotting using recombmant Trx2 and total cell extracts. 
Mitochondrial, peroxisomal and cytosolic fractions were prepared from rat liver as 
described (Svensson, L.T., Alexson, S.E.H., Hiltunen, J.K. (1995) J, Biol. Chem. 270, 
12177-12183). For innnunoblotting analysis samples were subjected to 15% SDS-PAGE 
and the separated proteins were electrophoretically transferred to nitrocellulose membranes 
(Hybond-C Super, Amersham). The membranes were blocked with PBS containing 5% 
dry fat free milk powder and 0.05% Tween 80 and further incubated with affinity purified 
anti-Trx2 antibodies. Immunodetection was performed with horseradish 
peroxidase-conjugated goat anti rabbit IgG (Amersham) diluted 1:5000 following the ECL 
protocol (Amersham) in a hydrogen peroxide catalyzed oxidation of luminol. As shown in 
Figure 7, Trx2 is only present in mitochondrial fractions as neither cytosolic nor 
peroxisome enriched fractions displayed any signal. Rat Trxl did not cross-react with the 
affinity purified antibodies against Trx2. By densitometric analyses Trx2 content in total 
cell-free extracts from rat liver was estimated to be around 0. 1 ^ig/mg protein (data not 
shown). The transient preprotein with the mitochondrial translocation peptide was not 
detected indicating that the translocation process is very fast. The recombinant Trx2 in 
lane 1 has a higher molecular weight because the His-tag was not removed by thrombin. 

5. Thioredoxin catalyzed insulin reduction 

In order to confirm the specificity of the recombinant Trx2, the inventors examined the 
reduction of insulin, a classical assay in which thioredoxin catalyzes disulfide reduction of 
insulin with NADPH in the presence of mammalian thioredoxin reductase (TR). They 
compared the activities of human thioredoxin with the recombinant Trx2. The insulin 
disulfide reduction assay was essentially performed as described (Holgrem, A., BjUmstedt, 
M. (1995) Methods Enzymol 252, 199-208)with a slight modification to activate Trxl and 
Trx2 by reduction. Aliquots of Trxl and Trx2 were preincubated at ST'C for 20 min with 2 
pi of: 50 mM Hepes pH 7.6, 100 pg/ml BSA and 2 mM DTT, in a total volume of 70 pi. 
Then, 40 pi of a reaction mixture composed of 200 pi Hepes (IM) pH 7.6, 40 pi EDTA 
(0.2 M), 40 pi NADPH (40 mg/ml) and 500 pi insulin (10 mg/ml) was added. The reaction 
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Started with the addition of 10 ^1 of TR from calf-thymus (3.0 A412 unit) and incubation 
continued for 20 min at 37°C. The reaction was stopped by the addition of 0.5 ml of 6 M 
guanidine-HCl, ImM DTNB and the absorbance at 412 nm was measured. Calf-thymus 
TR and human thioredoxin were kind gifts from Prof. A. Holmgren, Karolinska Institute, 
Sweden. As shown in Figure 8, when the samples were preincubated with DTT, Trx2 and 
human Trx were equally good substrates for TR. However, oxidized human Trx showed a 
decreased capacity to reduce insulin with a pronounced lag phase. The activity of Trx2 was 
not affected upon oxidation. Although Trx2 is homologous to the prokaryotic thioredoxins 
it could not function as a substrate for Kcoli TR (data not shown). 

6. Isolation of human cDNA 

Using polymerase chain reaction, human cDNA encoding Trx2 has been isolated. This is 
shown in Figure 9. This is 87.4 % homologous to rat Trx2 cDNA. 

The predicted amino acid sequence of human Trx2 is shown in Figure 10. This also 
contains a putative mitochondrial prepeptide protease cleavage site between Ser58 and 
Leu59. 

7. Thioredoxin 2 interacting proteins 

In order to determine which proteins Trx 2 interacts with, a human liver cDNA library was 

used to isolate Trx2 interacting proteins with the yeast two hybrid system. Trx2 was 
cloned into the pGBT9y vector (Clontech), expressing the DNA binding domain of GAL4 
transcriptional activator fused with Trx2. The liver cDNA library was cloned into the 
pGADlO vector (Clontech) that expresses the cloned cDNA fused with the DNA 
activation domain of GAL4. These two vectors were co-transformed to the HF7c yeast 
strain that is auxotrophic to tryptophan and leucine and has histidine as a reporter gene 
under the control of the upstream activating sequence (UAS) and TATA portion of the 
GALl promoter. The pGBT9 (Clontech) and pGADlO vectors contain the selection 
maricers for tryptophan and leucine respectively. Upon interaction of Trx2 with the cloned 
protein in the pGADlO vector the transcriptional activation of GAL4 is restored leading to 
expression of histidine thus supporting growth on plates lacking histidine. Approximately 
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16x10" clones were examined and 200 colonies could grow on plates lacking Leu/Trp/His. 
For further analysis 1 10 positive (growing) clones were selected. 

The proteins isolated were fibrinogen p-chain precursor, plasminogen, vitronectin, PDI, 
y-actin, serine hydroxymetyltransferase, NF-kB p65 and two cDNA sequences that code 
for proteins with no apparent homology to known proteins in a protein sequence data base 
(Figure 11). 

Using a rat brain cDNA library screened in the same way as above, the following clones 
were isolated: cytochrome c oxidase, rat ribosomal protein S17, c-myc intron binding 
protein (zinc finger protein), and five cDNA sequences that code for proteins with no 
apparent homology in the database. The cDNA sequences can be seen in Figm-e 12. 

8. Genomic organisation of Trx2 

To locate the number and position of the introns within the trx2 gene (Figure 13) of the 
human genome, 2 sets of primers were generated for use in the PGR amplification of the 
portions of trx2 gene, the first set comprising a forward primer corresponding to aal to aa7 
and a reverse primer from aal 10 to aal 17 and the second set comprising a forward primer 
from aa88 to aa96 and a reverse primer from downstream of the stop codon. The first set 
when used for amplification from human genomic DNA gave a product of approximately 
4.2kb and the second primer set gave a product of approximately 9bk thereby giving a 
combined intron total of approx. 13.2 kb. Both these products were cloned into the 
pGEMT easy vector (Promega) and sequenced. In the first PCT amplification product, 
only one intron of 4kb was present which was located between aa87 and aa88 of trx2. The 
9kb PCR amplification had only one intron as well which was located between aal29 and 
aal30 of trx2. Both splice junctions conformed to the GT/AG nile. The trx2 gene was 
therefore shown to possess 2 introns. 

9. Isolation of human PAC clones and Chromosomal localisation 

The human PAC library (No. 704 purchased from the Resource Center/Primary Database 
of the German Human Genome Project, Berlin), constructed from a human male fibroblast 
cell line and ligated into pCYPAC-2 (Lehrach et al, (1990); Loannou et ai, (1994)), was 
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screened with the genomic DNA probe H6-2. Trx2 from the human Trx2 gene. The 4.2 
kb fragment was labelled with -^^P by random priming and hybridized to the filter bound 
PAC clones under stringent conditions (45% formamide, 42''C) over night. After 
hybridization the filters were washed 20 mm in 2XSSC, 0. 1% SDS and 20 min in 
0. IXSSC, 0. 1 % SDS at room temperature, followed by three 30 min washes in 0. IXSSC, 
0. 1 % SDS at 65°C. Autoradiography (FUJI Medical X-ray) was analyzed after 4 days. One 
clone of 130kb was found containing the trx2 gene from which DNA was isolated by 
Qiagen preparation. To further confirm that the clone is a true positive, a PGR was 
performed using the primer sets used above which gave the same amplification products. 

10. Somatic cell hybrid panel Fluorescence in situ Hybridization (FISH) 

In order to identify which human chromosome carried the trx2 gene, high molecular 
weight DNA.was isolated from somatic hybrid cell lines (hamster/human and 
mouse/human) retaining individual human chromosomes. PGR amplification was carried 
out on each chromosome using primers corresponding to the start and stop codon. The 
expected product size was approx. 130kb. Chromosome 22 was found to be the one 
containing the trx2 gene since this was the chromosome that generated the expected 
product by PGR amplification (Figure 14). 

The PAC clone of trx2 was used as a probe after labelling with biotin- 1 6-dUTP by 
nick-translation. To obtain more detailed analyses of the localization of the trx2 gene, 
slides with human metaphase chromosomes were prepared using standard procedures. The 
slides were postfixed, Rnase treated and denatured as previously described (Pinkel et al 
(1986) Proc. Natl. Acad. Sci USA 83, 2934-2938). The PAC clone for Trx2 was used as a 
probe after labelling with biotin- 1 6-dUTP by nick-translation. The probe (50ng, lOOng) 
was pre-anneaied with Cot-1 DNA (2.5-3.5 (g) for 30-60 min at 37"C after denaturing in 
6S°C for 10 min. Hybridization was performed in 50% formamide at 3TC overnight in a 
moist chamber. The slides were then washed three times for 5 min in 50% formamide, 
2XSSC at 42'C and three times in 0. IXSSC at 60'C. After washing, the hybridized 
probe was coupled to fluorescein-isothiocyanate-avidin D and the fluorescent signal 
was amplified by three successive treatments with biotinylated anti-avidin 
antibodies alternated with fluorescein-isothiocyanate-avidin D (Vector 
Lab). After dehydration, the slides were mounted in glycerol containing 
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2.3% DABCO (1,4-diazabicyclo- (2,2,2) octane) as antifade, and DAPI (4,6- 

dianiino-2-phenyl-indole) at 0.5(g/ini as counterstain. The signal was 

visualized using a Zeiss Axioskop fluorescence microscope equipped with a 

cooled CCD-camera (Photometries Sensys) controlled by a Power Macintosh 

Quadra 950 computer. Gray scale images were captured, pseudocolored and 

merged using the SmartCapture software (Vysis). The hybridisation signal was detected as 

symmetrical spots on both chromatids of the homologues chromosomes 22 at ql 3 1.1. 

11. Northern analysis of Trx2 expression 

To detect the presence of trx2 mRNA molecules within human cell types, a trx2 cDNA 
probe labelled with "P dUTP was hybridized to a human mRNA master blot (Clontech). 
After exposing the blot to autoradiography film, densitometric measurements were 
performed on the dots appearing on the film. The values measured were then corrected 
with G3PDH (glyceraldehyde-3-phosphate dehydrogenase). The highest value was set as 
100% and the rest were then compared to the set value. The relative values for the various 
tissue mRNAs blotted can be seen in Fig 15. 

12. Submitochondrtal localization and inununohistochemical analysis 

To better understand the function of Trx2 in mitochondria and evaluate the interaction of 
Trx2 with some of the proteins isolated in the two hybrid screening it is necessary to 
elucidate its submitochondrial localization of Trx2. Using perfused rat kidney and 
immunohistochemistry in combination with electron microscopy, the inventors showed 
that trx2 is located in the inner mitochondrial membrane. 

Immimocytochemistry 

For light microscopic immunocytochemistry the rats were anesthesized with pentobarbital 
and perfused transcardially first with 100ml of saline followed by a mixture of 4% 
paraformaldehyde and 0,1% picric acid in 0.1 M phosphate buffered saline (PBS; pH. 7.3) 
for 4-5 minutes. After perfusion the tissues were exci.sed and further fixed by immersion 
in the same solution for 60 min. The samples were cryoprotected with 15% sucrose in PBS 
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before sectioning in the cryostat. Immunocytochemistry was performed using 
ABC-method. The sections were first incubated with rabbit antiserum against Trx2 (dil. 
1:250 in PBS containing 1% BSA and 0.3% Triton X-100) for 12-24h. After several 
washes the sections were incubated with biotinylated goat-anti-rabbit (Vector Labs, dil. 
1:300) and ABC-complex for 30 min each. Diaminobenzidine was used as a chromogen 
to visualize the sites expressing Trx2-immunoreactivity. The sections were dehydrated, 
mounted and examined with Nikon Microphot-FXA microscope. 

Immunoeiectron microscopy 

For immunoeiectron microscopy the anesthesized animals were perfused with a mixture of 
4% paraformaldehyde, 0.1% picric acid and 0.2% glutaraldehyde in PBS for 5 min. The 
tissues were postfixed by immersion for 5-6 h. The tissues were cryoprotected with 50% 
sucrose and 10% glycerol in PBS for several days. The tissues were rapidly frozen in 
liquid nitrogen and 50um frozen sections were cut with the cryostat. The sections were 
processed free floating. The Trx2 antibody was diluted (1:50) with PBS containing 1% 
BSA and 0.2% Saponin and the sections were incubated for 4-6 days with the antibody. 
After several washes the sections were incubated with secondary antibody and 
ABC-complex for 12 h each. Diaminobenzidine was used as chromogen. Subsequently the 
section were fixed with 2% glutaraldehyde, 1% osmium tetraoxide and 1% uranyl acetate 
for 30 min each. The tissues were dehydrated with ethanol and embedded in Epon. The 
samples were processed for electron microscopy and the thin sections were examined in 
Jeol 1200 electron microscope. 

Nitric acid (NO) is a short lived free radical gas with a variety of physiological roles which 
include S-nitrosylation of proteins in vivo. Since Thioredoxin 1 is well known to scavenge 
free radicals (Schallrcuter. K.V., Wood J. M. (1986) Biochem. Biophys. Res. Commun 136, 
630-637) and can reverse the action of NO in API in vitro. (Nikitorite et al (1998) 
Biochem. Biophys Res. Commun. 242, 109-1 12), it is therefore possible that trx2 located in 
mitochandria may have a similar function to trxl , thus reversing the effect of NO on 
mitochondrial proteins. 
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13. Immunocytochemistry and in situ hybridization in different tissues of adult male 
and female rat 

In situ hybridization 

In situ hybridization was carried out as described in detail previously(Kononen and 
Pelto-Huikko, 1997, TIPS online). Two oligonucleotides (nucleotides 
trx2r2:CACCACCTTCCCGTGCrGTTTGGCTACCATCTTCTCTAACCGAGGTCC 
and 

trx2r3:GACAACTCTGTCTTGAAAGTCAGGTCCATCCTGGACGTTAAAGGTTGT) 
specific for rat Trx2 were labeled to a specific activity of 1 x 109 cpm/mg at the 3'-end 
with 33P-dATP (NEN, Boston, MA) using terminal deoxynucleotidetransferase 
(Amersham). Bo± probes produced similar results when used separately and were usually 
used together in the hybridizations to increase the intensity of the signal. Several control 
probes with similar CG-content and specific activity were used to ascertain the specificity 
of the hybridizations. Addition of 100 molar excess of the unlabeled probes abolished all 
hybridization signals. Rats were decapitated and the tissues excised and frozen on dry ice. 
Cryostat sections (Mum) were secdoned with Micron HM500 cryostat and thawed onto 
Probe-On glass slides (Fisher Scientific, Philadelphia, PA). The sections were stored at 
-20°C until use. The sections were incubated in humidified boxes at 42°C for 18h with 
5ng/ml of the labeled probe in the hybridization cocktail, washed, dried and covered with 
Amersham B-max autoradiograph film for 30-60 days. Alternatively the sections were 
dipped in Kodak NTB2 nuclear track emulsion (Rochester, NY) and exposed for 90 
days at 4°C. The sections were examined in a Nikon Microphot-FXA microscope 
equipped for dark-field and epipolarization microscopy. Finally, the sections were stained 
with cresyl violet and analyzed under brightfield conditions. 

The results of the immunocytochemical and in situ hybridization smdies are shown below: 

Male Genital organs: 

Testis: 

In situ: high levels of trx2 mRNA in seminiferous tubules, variation during spermatogenic 
cycle. 
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Immuno: Strong labelling in Sertoli cells, primary spermatocytes and also some labelling 
in Leydig cells. 

Epididymis: 

In situ: Signal in the epithelium. 

Immuno: The epithelial cells are clearly labelled. 

Prostate: 

In situ: Clear signal in epithelium. 
Immuno: Most of the epithelial cells labelled. 

Female genital organs: 

In situ: Strong signal in ovary. Corpus lutea are strongest, also labelling in follicles and 
interstitium. Signal in epithelium and muscula layer in uterus. 

Immuno: Strong labelling in collapsing follicles. Some labelling in corpus luteum. 
Labelling in Oocytes in primordial follicles. Clear signal in epithelium in uterus and also 
staining in smooth muscle cells in myometrium. 

Skin 

Immuno: Labelling in keratinocytes in the basal epidermis. Labelling in some cells in hair 
follicles. Labelling in epithelial cells in sweat glands. 

Endocrine organs: 

Pituitary: Moderate labelling with immuno in large number of cells, low signal with in 
situ. 

Adrenal gland: Strong signal with in situ in the adrenal cortex, low signal in medulla 
Strong labelling in adrenal cortex, especially zona glomerulosa and fasciculata. No 
staining in chromaffin cells in medulla. 

Alimentary tract: 
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Salivary giand: Some labelled cells in secretory alveoli. 

Stomach: Strong labelling in the mucosa, in parietal cells (secrete acid) of gastric glands 

and in the epithelial cells of the mucosa. 

Duodenum: Strong labelling in epithelial cells in the mucosa. 

Liver: Uniform clear signal with in situ. Clear labelling in most of die hepatocytes, some 
are very strongly stained. 

Eye: 

Clear staining in cornea; in epithelium, stromal fibroblasts and endothelium. 

Lens: Very strong staining in subcapsular epithelium of the lens. 

Retina: Staining in ganglion neurons and in bipolar neurons (rods and cones negative). 

Labelling in pigment epithelium. 

Respiratory tract: 

Staining in several cells at alveolar level. Parasympathetic neurons in local ganglia are 
immunoreactive. 

Kidney: 

Strong signal with in situ in the medulla of kidney (loops of Henle at this area), lower 
labelling in the papilla (collecting tubules at this area). Labelling also in cortex. 
With immune clear signal in tubules (Loops of Henle) in the medulla, in collecting 
tubules. Labelling also in glomeruh. 

Immune system: 

Clear signal with in lymph nodes, spleen, thymus and bone marrow. Strong staining in 
large number of lymphocytes (proliferating cells in germinal centres) in lymph nodes with 
immuno. Many cells stained both in spleen and in thymus. In bone marrow several 
celltypes, megacaryocytes are easily identified. 

Brown fat: 

Strong labelling with immuno especially in young animals. 
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Bone: 

Labelling in chondrocytes in cartilage. Labelling in cells lining bone. Strong labelling in 
some cells around developing bone. With in situ very strong signal in some cells in 
developing bone. 

Muscle: 

Labelling in large number of cells in muscles. 
Peripheral nervous system: 

Large number of labelled neurons in sympathetic ganglia, satellite cells (glia) negative. 
Part of the cells in carotid body (chemoreseptor) are immunorcactive. Motoneurons in 
spinal cord are labelled. Large number of the sensory neurons labelled, strongest labelling 
in small neurons (related to pain) and middle-sized neurons. 

Central nervous system: 

Trx2 is mainly localised in special sets of neurons (mitral cells in olfactory bulb, 
magnocellular neurons in supraoptic nucleus, substantia nigra, Purkinje cells). 

Circulatory system: 

Heart: In situ: Strong signal both in atrium and in ventrical (in cardiac muscle). 
Immuno: Strong staining in most of the muscle cells. 

Blood vessels: Clear staining of the smooth muscle cells and in small blood vessels. 

From previous studies is known that smooth muscle cells do no contain any Trxl. 
Considering the antioxidant function of thioredoxins, the possibility of a correlation of trx2 
expression and artheriosclerosis is very interesting. 

These results demonstrate the prolific nature of the trx2 mRNA and translation product 
within the tissues of the adult male and female rat. 
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In particular, the very strong staining in the subcapsular epithelium of the lens of the eye 
suggests an important role of Trx.2 in the protection of the lens caused by active oxygen, 
since thioredoxin has been shown to protect cells against oxidative stress (Nakaraura, H. et 
al (1994). Immunology Letters 42, 75-80). 

Similarly, the high level of expression of Trx2 in neurons suggests an important role for 
Trx2 in protecting these cells from oxidative damage. For example, the high expression of 
Trx2 in neurons together widi the ability of thioredoxins to scavenge free radicals and 
regenerate damage proteins suggests Trx2 may have a role in the limitation and/or reversal 
of neuron damage since a common factor in a variety of neurodegenerative diseases is the 
production of free radicals. 

Trx2 may also play a significant role in the control of pain, since there are a large number 
of pain-related sensory neurons in the peripheral nervous system which are strongly 
labelled with the Trx2 antibody. 

14. Comparison of Trx2 with known Trxl proteins 

A Southern hybridization analysis of the human genome suggested several thioredoxin 
genes, including at least one inactive pseudogene (Tonissen, K. R, Wells, J. R. (1991) 
Gene 102, 221-228). 

The encoded protein sequence of Trx2 shows an interesting two-domain structure 
consisting of a N-terminal part of a 60 amino acid region rich in basic amino acids with a 
theoretical pi of 12.1 and a C-terminal part homologous to thioredoxin with a pi of 4.8. 
The N-terminal of Trx2 has characteristic properties of a mitochondrial translocation 
peptide and a proposed protease cleavage site which may give a mature protein of 12.2 kD. 
In fact, a slightly larger mitochondrial form of Trx, compared to the cytosolic Trx, has 
been reported to be present in pig heart based on electrophoretic mobility (Bodenstein, J., 
FoUman, H. (1990) Z. Naturforsch 46c, 270-279). In vitro coupled transcription/ 
translation confirmed the presence of the putative open reading frame in the Trx2 clone. 
The size of the translation products in the SDS-polyacrylamide gel electrophoresis analysis 
was somewhat larger than the calculated sizes (20 kDa versus 18.2 kDa), but this may be 
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due to the primary characteristic of the protein (eg. charge). Of course, the native protein 
may still have a different size due to post-translational modification. 

Although Trx2 is phylogenetically closer to prokaryotic than mammalian thioredoxin some 
amino acids conserved in all prokaryotes like Trp-28 are not conserved in Trx2. Also the 
differences in amino acids involved in protein interaction such as Ala-93 and Glu-57 will 
probably confer a different specificity for Trx2 compared to Trxl. All previously described 
mammalian thioredoxins have 2-3 additional cysteine residues to the two located in the 
active site. These structural or non catalytic cysteine residues can undergo oxidation, a 
process which leads to inactivation. From the stracture of reduced human thioredoxin 
Cys-72 is located in a loop in proximity to the active site. Xilin et al. (Ren, X. et al (1993) 
Biochemistiy 32, 9701-9708) showed that Cys-72 is responsible for dimer formation and 
subsequent loss of activity. The absence of corresponding structural cysteines in Trx2 
confers a resistance to oxidation. This property might have important physiological 
implications for the role of Trx2. 

Mammalian Trx can be found in many different cellular compartments including nucleus, 
endoplasmic reticulum, mitochondria and plasma membrane (Martin, H., Dean, M. (1991) 

Biochem. Biophys. Res. Commun 175, 123-128), (Holgrem, A., Luthman, M. (1978) 
Biochemistry 17, 4071-4077)). Also Trx is differentially regulated and has separate 
functions including promotion of cell growth to transcription factor activation and radical 
scavenging activities. Trx2 is highly expressed in tissues such as heart and skeletal muscle 
where Trxl protein is not detectable (Fujii, S. et a/ (1991). Virchows Archiv A, 
Pathological Anatomy & Histopathology 419, 317-326). Reactive oxygen intermediates 
(ROI), which comprise hydrogen peroxide, hydroxyl radicals and superoxide anions, are 
essential compounds of oxidative raetabohsm (Halliwell, B., Gutteridge, J.M.C. (1990) 
Methods Enzymol 186, 1-85). An important source of ROI are mitochondria (Turrens, J. 
P., Boveris, R. (1980). Biochem. J. 191, 421-427). Generally, ROI are regarded as toxic 
and harmful metabolites and when tiieir formation occurs in an imcontroUed fashion, they 
may be implicated in several diseases by inducing lipid jperoxidation and disruption of 
structural proteins, enzymes and nucleic acids. Recently, ROI in addition to being 
cytotoxic, have been reported to function as signal transducers of TNF-induced gene 
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expression (Schuize, O.K. et al (1993) EMBO. J. 12, 3095-3 104). Thioredoxin can reduce 
hydrogen peroxide and scavenge free radicals (23-25). Using affinity purified antibodies 
against Trx2 tiie inventors showed that it is localised in the mitochondria and the mature 
protein has an apparent molecular weight of 13 kD. A mitochondrial localised Trx2, which 
is more resistant to oxidation than Trxl, may explain its high expression in heart and 
skeletal muscle, tissues with high metabolic activity, and confer an important regulatory 
and/or protective function. 
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CLAIMS 



1 . An isolated nucleic acid molecule comprising at least a portion of the nucleic acid 
sequences shown in Figure lA or Figure 9. 

2. A nucleic acid molecule according to claim 1, wherein the nucleic acid molecule is 

cDNA. 

3. A nucleic acid molecule demonstrating greater than 87.4% homology to a nucleic 
acid molecule according to claim 1 or 2. 

4. An isolated nucleic acid molecule according to any of claims 1 to 3 wherein the 
isolated nucleic acid molecule is from a mammal. 

5. An isolated nucleic acid molecule according to claim 4 wherein the mammal is a 
rat 

6. An isolated nucleic acid molecule according to claim 4 wherein the mammal is a 
human. 

7. An isolated human nucleic acid molecule obtained using a nucleic acid molecule 

according to any of claims 1 to 5. 

8. A protein or polypeptide encoded by a nucleic acid molecule according to any 
previous claim. 

9. A protein or polypeptide according to claim 8 comprising at least a ponion of the 
amino acid sequence shown in Figure 1 A or Figure 10. 

10. A composition comprising a protein or polypeptide according to either of claims 8 
or 9 wherein the protein or polypeptide has the ability to scavenge free radicals. 

11. A composition comprising a protein or polypeptide according to any of claims 8 to 
10 wherein the protein or polypeptide has the ability to regenerate damage proteins. 
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12. A composition comprising a protein or polypeptide according to any of claims 8 to 

1 1 wherein the protein or polypeptide is involved in the control of pain within an 

organism. 

13. A composition comprising a protein or polypeptide according to any of claims 8 to 

12 wherein the protein or polypeptide provides protection against oxidative stress 
induced cytotoxicity and tissue damage. 

14. A composition comprising a protein or pol3fpeptide according to any of claims 8 to 

13 wherein the protein or polypeptide provides protection against ischaemic damage to 
organs. 

1 5. A composition comprising a protein or polypeptide according to claim 14 wherein 
the protein or polypeptide can attenuate ischaemic reperfusion injury. 

16. A composition comprising a protein or polypeptide according to any of claims 8 to 

15 wherein the protein or polypeptide comprises a protective compound against heart 
attacks and strokes. 

17. A composition comprising a protein or polypeptide according to any of claims 8 to 

16 wherein the protein or polypeptide provides protection to retinal cells from damage 
caused by active oxygen species generated during oxygen stress to the retina. 

18. A composition comprising a protein or polypeptide according to any of claims 8 to 

17 wherein the protein or polypeptide comprises a radio-protective compound which 
attenuates the effects of radiation. 

19. A composition comprising a protein or polypeptide according to any of claims 8 to 

1 8 wherein the protein or polypeptide protects neuronal cells from oxidative damage. 

20. A protein or polypeptide according to any of claims 8 to 1 9 wherein the protein or 
polypeptide can limit or eliminate the side effects of medicinal drugs caused by 
generation of reactive oxygen species. 
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21. A mature protein, fragment, homologue or analogue of a protein according to 
claims 8 to 20 which mature protein, fragment, homologue or analogue is at least 
functionally similar to Trx2. 

22. A mature protein according to claim 2 1 comprising the amino acid sequence of 
Figure lA from Thr 59 to amino acid 166. 

23 . A mature protein according to claim 2 1 , comprising the amino acid sequence of 
Figure 10 from Leu 59 to amino acid 166. 

24. A plasmid or other vector comprising a nucleic acid molecule according to any one 

of claims 1 to 7. 

25. A host cell containing a plasmid or other vector according to claim 24. 

26. A host cell according to claim 25 which is a mammalian, bacterial or insect cell. 

27. Antibodies raised against a protein or polypeptide according to any of claims 8 to 
23. 

28. A diagnostic probe wherein the probe comprises any portion of the protein or 
polypeptide according to any of claims 8 to 23. 

29. Diagnostic tests, assays or monitoring methods using a protein or polypeptide or 
any fragments of a protein or polypeptide according to any of claims 8 to 23. 

30. Diagnostic tests, assays or monitoring methods using a probe comprising at least a 
portion of a nucleic acid molecule according to any of claims 1 to 7. 

3 1 . Diagnostic tests, assays or monitoring methods according to either of claims 29 or 
30 wherein the tests, assays or monitoring methods comprise microbiological, animal 
cell, or biodiagnostic tests, assays, and monitoring methods. 

32. The production of a protein or polypeptide according to any of claims 8 to 23 by 
chemical or biological means. 
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33 . An organism engineered to contain or overexpress tiie protein or polypeptide 
according to any of claims 8 to 23. 

34. An organism engineered to produce Trx2 encoded by a nucleic acid molecule 
according to any of claims 1 to 7. 

35. An organism according to either of clmms 33 or 34 wherein the organism is 
selected from bacteria or yeast. 

36. An organism according to either of claims 33 or 34 wherein the organism is 
selected from rat and human species. 

37. A method of treating a subject with ischaemic damage or retinal damage, the 
method comprising supplying to the subject a pharmaceutical composition comprising 
a protein or polypeptide according to any one of claims 8 to 23. 

38. A method of treating a subject with oxidative stress induced cytotoxicity and tissue 
damage, the method comprising supplying to the subject a pharmaceutical composition 
comprising a protein or polypeptide according to any one of claims 8 to 23. 

39. A method of controlling pain within a subject, the method comprising supplying to 
the subject a pharmaceutical composition comprising a protein or polypeptide 
according to any one of claims 8 to 23. 

40. A method of protecting against damage caused by heart attacks and strokes in a 
subject, the method comprising supplying to the subject a pharmaceutical composition 
comprising a protein or polypeptide accorcHng to any one of claims 8 to 23. 
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Fig. lA 



TGA CGG GCA GGC CGG CTG GGC TCT GCA TCC CTC TGC TCA CAC TGC CGG 

GAG ATG GCT CAG CGG CTT CTC CTG AGG AGG TTC CTG ACC TCA GTC ATC 

MAQRLLLRRFI'TSVI 
TCC AGG AAG CCT CCT CAG GGT GTG TGG GCT TCC CTC ACC TCT ACG AGC 

S R K P P Q GVW A SLTSTS 
CTG CAG ACC CCT CCG TAC AAT GCT GGT GGT CTA ACT GGA ACA CCC AGC 

LQTPPYNAGGLTGTPS 
CCT GCC CGG ACA TTT ACC ACC AGA GTC TGT TCA ACA ACC TTT AAC 

P A R T F H T T R V C S T -. T F N 
GTC CAG GAT GGA CCT GAC TTT CAA GAG AGA GTT GTC AAG AGT GAG ACA 

VQDGPDFQ 
CCA GTT GTC GTG GAC TTT CAT GCA CAG 
Q 



TGG TGT GGC CCC TGC 
C G P C 



AAG ATC 



CTA GGA CCT CGG TTA GAG AAG ATG GTA GCC AAA CAG CAC GGC AAG GTG 

LGPRLEKMVAKQHGKV 
GTG ATG GCC AAA GTG. GAC ATT GAC GAT CAC ACA GAC CTT GCC ATT GAG 



M 



K 



TAC GAG GTG TCT GCT GTG CCT ACC GTG CTG GCC ATC AAG AAC GGG GAC 
YEVSAVPTVLAIKNGD 

GTG GTG GAC AAG TTT GTG GGG ATC AAG GAC GAA GAC CAG CTG GAA GCC 
VVDKFVGIKDEDQLEA 

TTC CTG AAG AAG CTA ATT GGC TGA CAAGCAGGGAAGAGGCCAGACTGCCCTTGCC 
F L K K L I G 

TGCTGGAAACCCATTTGGGGAGGAACCTAGTAGAACTCCCAGCCCTCAGCTGTCATCCTTCGT 

CCACCAGCACTTCAGAGCCAGCCCTCAfiCCAGGATGGCCAGGAGAGGGGCAATGCTGCCGATG 
GTGTGQAGQAGGGGCATCCTGAGCZ^CTCCTACTGTGTGCTTCTCCTGTGCACCTACTGTGTG 
CTTCTTCTAGGGCTTGTTGCTATTCCCCTAGATGCTAGACAAAGCCTGGGCCAGCCTGTATTC 
ACCGCCCAGGCAATGGCCCAGTCCTCGTCTCTGAGGTCCTCTGATCTGAAGCCTCAGCCCCAC 
ACACACACATGTGGCTCTGGTGTATTTCCTCTCCTGCCTCTGCTTGAAAAGGAAACAAGAAGC 
TGAACAAGTGAGAGTAATGGATAATTCTCTCATCTTTTGTAGGTCTGTAATAAAGAACTTTAT 
GTGATCCTTCTACCTCTTGCTGTGAAGAACAGAGCCCACCCCATTCCCTATCTCTGTCCCTTC 
TCTTCCTTGTCACCTCCCTGGGTTAGCTGGGCCTTGGTTCTGGTTCCCTGAGCAGGAGGAGGA 
GCTGTGAACAAGCAGACCAATAAAACCAGGTTTGCATTGCCCCAAAAAAAAAAAAAAAAAAAA 
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Fig. 4 
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A. nidulans Tnc m 
N.Tabacum T»x Ch2 
■ jraofaciens Trx 



J Salmonella Typhlmurium Trx 
^ E.cQliTncA 




Eub. acidaminophilum 



H. Tabacum Trx 
A.Thallana Tra H 
S. cerevlsiae Tfx 1 



- iacty. aiscoidTrx2 

— Diet discoid. Trx3 
DictefiscTrxl 
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Fig. 5 
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Fig. 9 

10 20 30 40 

, ■ ■ • I ! t I ■ ■ ■ ■ I ■ ■ . . I 

ATGGCTCAGC GACTTCTTCT GAGGAGGTTC CTGGCCTCTG 40 

TCATCTCCAG GAAGCCCTCT CAGGGTCAGT GGCCACCCCT 80 

CACTTCCAAA GCCCTGCAGA CCCCACAATG CAGTCCTGGT 120 

GGCCTGACTG TAACACCCAA CCCAGCCCGG ACAATATACA 160 

CCACGAGGAT CTCCTTGACA ACCTTTAATA TCCAGGATGG 200 

210 220 230 240 

t , . . , I t , ■ . ■ I , ■ , . > 1 , . , . I ■ ■ . , t 

ACCTGACTTT CAAGACCGAG TGGTCAACAG TGAGACACCA 240 

GTGGTTGTGG ATTTCCACGC ACAGTGGTGT GGACC:'GCA 280 

AGATCCTGGG GCCGAGGTTA GAGAAGATGG TGGCL.-.aGCA 320 

GCACGGGAAG GTGGTGATGG CCAAGGTGGA TATTGATGAC 360 

CACACAGACC TCGCCATTGA GTATGAGGTG TCAGCGGTGC 400 
410 420 430 440 

' I I .... I ■ ■ ■ ■ I . , . . I I , , , . I 

CCACTGTGCT GGCCATGAAG AATGGGGACG TGGTGGACAA 4A : 

GTTTGTGGGC ATCAAGGATG AGGATCAGTT GGAGGCCTTC 48C 
CTGAAGAAGC TGATTGGCTG A 501 
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Fig. 10 
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MAQRLLLRRF LASVISRKPS QGQWPPLTSK ALQTPOCSPG 40 

GLTVTPNPAR TIYTTRISLT TFNIODGPDF QDRVVNSETP 80 

VVVDFHAQWC GPCKILGPRL EKMVAKQHGK VVMAKVDIDD 120 

HTDLAIEYEV SAVPTVLAMK NGDVVDKFVG IKDEDQLEAF 160 
LKKLIG. 167 
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Fig. 13 

ATG GCT CAG CGA COT CTT CTG AGG AGG TTC CTG GCC TCT GTC ATC TCC AGG AAG 
CCC TCT CAG GGT CAG TGG CCA CCC CTC ACT TCC AAA GCC CTG CAG ACC CCA CAA 
TGC AOT COT GOT GGC CTG ACT GTA ACA CCC AAC CCA GCC CGG ACA ATA TAG ACC 
ACG AGO ATC TCC -rrG ACA ACC TTT AAT ATC CAG GAT GGA CCT GAC TTT CAA GAC 
CGA GTG GTC AAC AGT GAG ACA CCA GTG GTT GTQ GAT rrC CAC GCA O.^. GTOMTA 
TI...IHTROH I <*»»... OCCTTTTOXfl :G -KM TOT GGA CCC TGC AAG ATC CTG GGG 
CCG AGG TTA GAG AAG ATG GTG GCC AAG CAG CAC GGG AAG GTG GTG ATG GCC AAG 
GTG GAT ATT GAT GAC CAC ACA GAC CTC GCC ATT GAG TAT GAG taTAMaATTOA. . . 
3HTB0H 3 Okb) ...TCCACCCaa: GTG TCA GCG GTG CCC ACT GTG CTG GCC ATG AAG 
AAT GGQ OAC GTG. GTG QAC AAG TTT GTG GGC ATC AAA GAT GAG GAT CAG TTG GAG 
GCC TTC CTG AAQ AAG CTG ATT GGC TGA CAAGCAGGGATGAGTCCTGGTTCCCTTGCCCGCGT 




IHTROH 2 (9kb) 



Primer Fl: 5 ' -GATGGCTCAGCGACTTCTTC 
Primer F2: 5 ' -GGTGGTGTGGRCCCTGCAAOATC 
primer Rl: 5 ' -CCACCTTGGCCATCACCACCTTC 
Primer R2: 5 ' -GGCAAGGGAACCAGGACTCATCC 
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brain 
amygdala 
caudate nucleus 
cerebelum 
cerebral cortex 
frontal lobe 
hippocampus 
medulla obiongataj 
occipital lobe 
putamen! 
substansia nigra I 
temporal lobe! 
tlialamus 
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spinal cord 
heart! 
aorta 
s!<eletar muscle 
colon 
bladder 
uterus 
prostate 
stomach 
testis 
ova ny 
jjariureas 
iHiisiaiy giarid 
aiJrenal gland 
lyroid gland 
salivary gland ^ 
mammary gland 
kidney 
liver 

small intestine 
spleen 
thymus 
peripheral ieul<ocyte 
lymph node 
bone marrow 
appendix 
lung 
trachea 
placenta 
fetal brain 
fetal heart 
fetal kidney 
fetal liver 
fetal spleen 
fetal thymus 
fetal lung 
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m?>lt. v^y M r x 20^ifJ7 5/Stffi?iJ. ^bc/fc t F^'i;tf^^y h T r 

X 1 (D^m7^/mmmT'7-(y^yv^7T^^o a) i^ij-^^y m r x 275 

^'J ^y^X^^Rg-r^o ^EP^^. 2^(7)7°n^7-€^7;V^Ccfc^^J|if^i:li-r^ 
n y >+j-xt ^-7 <fc o T5i^^ tifc J; 5 ^MM^^ 5 h n y F U 7 ->^^^;1/ 
-sy^F7'nx7— tf^if§Mu^^-r (Hendrick J. P., Hodges, P.E., 

Rosenberg, L.E. (1989)Proc. Natl. Acad. Sci. USA 86, 4056-4060) o ±^lt 



. itm- 1 0 ©7;i/^~-y. -SH- 8 (Dm^mmm ; im- s ^r^^-r § w s 

^{CLTV^^ (Eklund, H., Gleason, F.K., Holmgren, A. (1991)Proteins 11 

, 13-28) o ^^MBlt. HMrx. ^^ybXrxl isi^ZS^y h T r x 2 

mSlt. "7 -J Ma^JC$5tt§T r X 1 T r x 2 0y-^>7n^y f^j^^fJi 

^^t-o §b->ii;. 2fxgcD.1^°U (A) +RNA^'t^-r§o ^n^i^hti. T 
©^^adiSc^nri/^^ cfc^fc. T r x l $5j:tfT r x 2o:>y°u~y^t 

T r x 1 :fei;r;T r x 2tCliLT^tl^^nO. 6kb$5j;tfl. 3kbT^^ 

mQ\t. T r X 143cfcr;T r x 2 ^n- F-T^ls^t/^OR T - P C R^^^^ 
■To 1 ^ g^0il:RNA^3^|gi:U 1 /i 1 ^ P C R^Dfc^60^§a^ UT. Trx 

H7^i. IHiga^^>©-i'Ay:/n^y7"^y^^M^^'ro SDS/PAGEfcJ; 

DMS[ffi57-^53-t/fL. iaT r X 2 ^rff*^fflV^T^^mb/Co P-^ 1 A-T r x 
2(5ng).lx^y2 ^^>y hMflSatH^ (1 5 /i g) . U-yS ^-f 

bywa^^ (1 5Mg) ^ ^FnyF'jr®^^ (i 5/ig) . v~y 

5 ^/i/^^^-yy— iA®^^ ( 1 5 ^ g) . wye n h t r x i (5 n g) o 

08 ^i;. T r xtg140^^1=lT^^To MftT r x 2 F4^^yy* 

. DT Tco#ttTt/cJi##ffiT-e0'i'yxi; y^m7x.^^^n^(Dmt\\mL 

ryy'k^Lrco 6M ^T-v^V-HCK ImM DTNB(DmMK^<0. 



(12) #^2 0 0 1-5 1 0 9 9 7 

0 9(i. tMrx2 cDNAEm^-ro 

010 fi. H9©cDN kW^\\im-^ < MJt M r X 2 7 5 /KiB^U^^^ 

01 U±. T r X 2 tffiSM^S^y/^^g^n-Ft-^ZOcDtMfflfiC 
DNAlSm^t-o 

01 2ti. T r X 2^ffi5f^ffl'r§^y/^^a^3-F'r§5-oc7)-^^y YMc 
0 1 3 fi. t: b t r X 2 afE^^^fo 

0 1 4 (i. ^2 2^femc$5tt§ P C R^«£Dy;V^;&^'ro 

01 RNAvX^-y^n^y h (Clontech) ^ffll^T5j''t/f LfcH M r x 
2cDmRNA]x^;V^7j^^o 

1. ^7 h^^l^H4^>/y2cD^D-::iy^^ 

5ifli^}iLTfS#$n^^^UF^>'ytDmgPfu.O-:^^1#^ (VVVDF S 
ATWCGPCK) ^ffll^T. P-e^^^LT. ff^IcD^^l^ F4^$/yie?tc 
SiLT^^y F>L«c DNA-^-r>^^-^U- (Clontech) U-::iy^Y^/'ci6 
0:/n-yhLTffli^^liS7°^^v-;&^tf-Lfco ^i x i oV^-^^^ 
(Ainersham) ©H^^JcL/cA^^-oTX^U-^iy^X. ^7 

(Invitrogcn) tjJ'e^n— yfbU v'— -^-yS^y^XfCo MIBCD^^'D— ^(7)3 9 
2bpg|I5>^. PGR (9 4°CT15j'. 5 2 °CT 1 ^*5i;a'7 2 °C1? 1 5>^3 0 

0) ^Cc];^. #Sfi^7°^Yv- (t r X 2 f 1 : 5' -AACCTTTATCGTCCAGGATGGAC-3 
'fecfctf t r X 2 r 1 : 5-GCTGGGAGTTCTACTAGGTTCC-3' ) ^ffll^T. mmhfco 
PCR4^tl^^y:5fA:/^^^y^^Jc<i;f)'' PSU aXFU^^^^x^F 

^-l^By -^. 6 0 °C -^^Exparesshyb/ n-T ^ U a y m?g (C 1 ontech) 

p!^T^]5SL. ^^0^2 X S S C-0. 1 %S D S (1 X S S Ci^O. 15M N 
a C 1 + 0 . 1 5 M ^xy^t- F U ^> A) ^'m^'^^(r> 1 O^^Rgc»r^^^ 5 0. 



(13) #^2 0 0 1-5 1 0 9 9 7 

MfM^O. l%SSC-0. 1%SBS^6 0°CT(DA 0^7yfS(Dm^^2\nimM 

LTco 6 0 0, ooo^m^^^u—y-^Ts^V—^y^^L. 5^u~y:^mi 

TSmLT$5D. mm(D^(D. iP*.Trx2i^. A T G li^f^n F y^^^S D . T 
GAI^ihn FyT»^ 5 0 1 b p(DJa--7'yi;— rV y^^7Ix— A^#LTl> 
/to ^Sc DNA^#§/£i6^C, 7y^-#S6^7°^-r'T-:fej;tfT r x 2tD3 
'#^rv®MfCfflM6^;5:7y^-tryX7°^-f x-- (t r x 2 r 2 : 5' -GCTGGGAGTT 
CTACTAGGTTCC-3' ) (D#ftTt:\ ^ K7y:^ 

-fbL«cDNA^^ (Clontech) ^ffll^fc^^Xx F(nested) P C RiC j;^ c D 
NA7^ii^a)5'fflMti>liM (RACE) Clontech:/n F 3-;HciSi?$tlTV^ 
?.i;5^c^]5SLfco PCR^fiScti^TA--^^^-pj^T^^n-yfi:L. y-^y 
yy^^bfco Trx2(cM^SU ATG|§i<^n FyC)±rtC>^y7y-AcDTG 

A#ih3 Fy^#46/c 4 6b p<Dmm(o 5 ' la^j^n- F-r^ c D N a 7-^^^^ 

yF*^^lif|iM^nfCo ^{4:tD^I^j!E^[Jti. (A) y'-McMmt^2 0rv'/ 
iyy(Dmmt6^lSt°V (A) 7"-;l/^^fb 1 8 b p±»AAT AAAA^^-7 
^^i^fc 1 2 7 6 b pf^-^^m^o t-^yV-f^y^^yiy-I^lt. 18. 2 k 
D aWiiJSfi*5cfct>^7. 9 (Dp I ^^-r^ 1 6 6 7^7^(0^ y/^^S^n- 
Ft-^ (01 A. 1 B) o 

T r X 2^n-y^tc#&-r§^-7°yy— rVy^vy-^«tgl4T\ s 

iRpItg:5fyA^K;&n-F-r§^^^?iiliE^?>fci6tC. c DNA^TA-T r x 
2^^n-ycDS P 6:/nHe-^>-:6^^lK^L. 0. S^g^. TNTlg-a-ffl^* 

(Proraega) $5cfct5 S p 6 R N A^KU tf^ffll^T. 3 0°CT 

6 o^^miPvt. f s] 7^^*^y^m*^/£o 1 5 % s d s 

2. fiS7^7®@H^iJ(D^^tr 



(14) #^2 0 0 1-5 1 0 9 9 7 

u y^xicm< p zy-V(Dmm^^^hrc (h i b) « 

FfC±ijiTfeD (Neupert, W. (1994), Clinical Investigator 72, 251-261) 

hfc (Newman, G. W. et al. (1994), J. Experim. Medicine 180, 359-363) o 
^ bny FU7:/l^^y^^F:/u-f r-^^t?)^^-7 (Hendrlck, J. P., Hodges 
, P. R., Rosenberg, I,.E., (1989) Proc. Natl. Acad. SCI. USA. 86, 4056-406 
0) fi. S e r 5 8$3<i;t>'T h r 5 9 cD»WM^ t fetcMm^tifc (H3 

A) o u(Dm^t(Dmmti2. zkDa^^^y/^^s^^i:. r.n[tmm 
^y/^^gcDc^M^^Hi. m'mr^ywmn r p-cy s-g i y- 

Pro-Cys-Lys ^#3. ^f-^b F^^v'y^cMm^tl^fg'rafu^-g-W 
Lfco C053^?mcDPi?LfM5^^PF4^i^y^3 5%(Dffl|W|'|t^^L. nf?L^f- 
*L-F4^>'yf|i^Cf*^?^nTl^«3g7^yft(^^</b^\ M|JtsPhe-12. P 
ro-4 0. Asp-5 9. L y s - 8 2 :^)^^T r x 2 t|itC^>^#$nTl^fc (H 

3B) o L/b^L:^:^)^^. ^y/^^K-^y/^^KfflSf^ffl^cMW^r^/^. 

M^tfA 1 a-9 34i3j:t;G 1 u-5 Tti. ^tl^tll I e$5<fct?L y s JC^^ 

^Tl'^^o T r X 2 ^mfl^^^F4^i/y^a)PES(7). fe^A^^Mtis T^T 

3. T r X 1 4oj;tf T r x 2C»mRN Aje^K^O/— tf>-:^n^y F^^*)ffei;t? 
RT-PCR5>tf 



(15) #^2 0 0 1-5 1 0 9 9 7 

2^g/ly~y(D. ^rj:^^yyimt~^^(Dmm^^V (A) +RNA (Clon 
tech) ^m^^tc'y-j h^mm/-^yy^U-j h^. Spyrou et al (1996) J. Bio 
1. Cheni.272, 2936-294UcfBig$nTl/^^ j:5ti:LT. 2-0(D7°n-7\ Sp-^^ 

y h'^tUY^^iyy (T r X 1) ^C^fSS^^S 6 0b p(Dy°U-7^t. T r X 2 
^C#SW^3 9 2 b p07°^-7~'^/^-I'7"U ^VX$-&/co ^7 b T r x 1 $5i; 

tj^T r X 2c7)^-:/>i;-xVy^VWi^:^p-:;^^^. •^y^^A7'-7^^y^^ 

mic^i) I p] dCTP-e^iiL. ExpressHybmiS (Clontech) ^T/^^fV 

^vx^'&fco T r X 1 yD-:/«. Efm^^xinrnK^^^rmmu^^i^v 

. 0. 6 k b(7)mRN A^/^^7~lJX-fXL/c: (S5) o Trx2 mRNA^i; 
. cDNA (1, 276b p) W^Xt-mLX. 1. 3kb/^>K^bT^ 

ai^ti. ^tiiijim. Mm. ^mmisiixinmTM&i^^m-^tir^o rt-pc 
(6-8®^) ^MBmBKii^M^L. mm^mmLx. m'\^^y^i>^ 

ixf-^ i/y h - 7 X y -;!/- ^ n n Am-X|Sttm7°n b 3 ~MC L 
rctfi-DX. ±RN A^m(Drci6icmn^\^^immhrc (Chomczynskl, p., Sac 
chi, N. (1987) J. Biol. Chem. 162, 156 159) o WMR^ k(Dfc±'\ii3J;:ZSS'a 
Mit. 4-^;^Ar;^xtF^ft7^^^-xy;l/«^?*I^I^ci;^). ^LTAaeo /A2 

m 1 m-^mo^TMc^ ^RNA(i^xg):&io^i (Djkicmmu 7 0 vx 
7K±xnmi.rc. mm^z 0 (i 1 izm±u mmmmx\ 1 

mM#dATP. dGTP. dCTP, dTTP. lOmM DTT, 5pmo 
1 ^y^^A/^Mtt/ 1 (Promega) . lU RNAsin//xK 2 0 0 USupers 

cript RT (GiBco-BRL) i3i:zsm^fm^(o^y^^^->' b ymmmtLtco 

P C Rtms^TcibK^ 1 ^ 1 c D N A 2 0 1) ^ P C R^<:#L. P C 

R 9 6 0 O^-tU-f^^- (Perkin-Elmer, Norwalk, CT) 4iT9 4VX 1 0 
#\ 5 4 °CT^30#\ 7 2 °C-^^ 6 0 ^cD-i' a ^ ^ 2 4 MM^LXM^ 
Lfco Trx2 mRNA©3 9 2 b p75^^^yb ®JiSC>fc&te. :tiJri5? 



^ F t r X 2 f 1 : 5' -AACCTTTATCGTCCAGGATGGAC-3' $3 t r x 2 r 

1 : 5' GCTGGGAGnCTACTAGGTTCC-3' ^Ml^/co Trxl mRNA^D360bp 
b(D±iifitDfci6^c, :^i;35?^b^^F t r X 1 f 1 : 5' -CCAAAATGG 
TGAAGCTGATCGAGAG-3' ^'J:c;t r x 1 r 1 : 5' -TGATTAGGCAAACTCCGTAATAGTG-3' ^ 
m^^fco fi-r^'f-y mRNAA^5)02 3 8 bp7^^~7^>h©±^»fc46^C 
. ^i; ^ F A c t 5' , CTCGCACCACACCTTCTA$5 A c t 3' , GGGCAC 
AGTGTGGGTGAC^ffll/^fco 7^^n-xy>«ri^^iii*5 Fn-b;Vn-X7^;V 
^-^(7)7^n>7-r-Yy^1ts P CR4£^!|^^. T r X Z^CliLTii' P^^I^fP 
^Un^^l/^^F : t r X 2 r 2 : 

5'-CACCACCTTCCCGTGCTGTTT-GGCTACCATCTTCTCTAACCGAGGTCC-3' T r x HcH 
LTJJ: t r x 1 r 2 : 

5' -CTGGAATGTT-GGCGTGCATITGACTTCACACTCTGAAGCAACATCCTG-3' 

^LTT^f-yT'^-rv- 5' -GATGACCCAGATCATGTTTGA-3' h^^^^ U X$ 

; 7' U -If — H y . 5 0 °C -^-Expresshyb/ n-T 7 U -tf — a yWM 
4Jl?^5fe ^(Dt^ 2xSSC-0. 1%SDS ^m^-l: 1 0 '^mcomB-^ 5 0 
. :g»0. l%SSC-0. 1 %S DSt^5 0°CT^ 4 O^^P^0?5t?ff^ 2151^51 

L/io T r x wt^r^i'y^Mim^x. mm^i^rs^mvi^^^^^^m^^^ 

tcLtmrni^fci^K T r X 2{i5L^(ca^?)A^-y^^br£o ^n\t 
. ^m. m.. -mm. nm. m^^i^xsmm^MmmM-^rifco t r x i ^ 

T r X 2 h(Dm(D^m^4f') ^^^^-^/a yim^^-^mit^^fzo 

vt°U-^7^ FO^n^nN^fll*5<fcl5C^^i§tCN del ( t r x 2 p 1 : 5' -A 
CCACCAGAGTCCATATGACAACCTTTAACGTC-3' )fe<fct?BamHl (trx2p2:5'- 
CTGGCCGGATCCCTGCTTATCAGCCAATTAGC-3' ) mitL^^tl^^nmXT ^ 2 OO^M^ 
S'g£75-fV-:&ffll^T. T A-T r x 275X^ FA^^tDP C R^^cfcD. 
FT r X 2C0— (7^/^60-1 66. Trx2) ^3— Fl"^ c DNAO 
C7fe»^^^mifSLfco ±i>t!SD N A T 7 fu^-^-mmTOy p E T - 1 



(17) #^2 0 0 1-5 1 0 9 9 7 

5 bltii^^^-(Novagen)(DNd e I -B amH I mU^lC^U-yitL-. ^ 
(7)Sm^C/c7°^X^FpET-t r x 2^AJ^«BL 2 1^ (DE 3) 

mrnvfco m-^ttnn--;&. 5 0/1 g/m 1 ryifv'U y^^^^^ 1 1 

(OLynXclP«SL. OD»o =0. 5Krj::^^iJ3 7Wmm'^^rc.^Mc 

. 0. 5mM I PTGcDrnmc^iom^^y^^^M^M^M^u mm^-^ih 
ic3. 5 H#r^«$-&rco 10, oooxgTio 'T^mM^L^'T^mLxmm^im 

L. 50mlt7)20mM Tris-HCl, pH8. 0. lOOmM NaC 
1 IfoXXSlmU PMS Ff^lc^U^y h^MMLfCo >J<±T3 O^^-P^fi^L^ 

/b^ ^"o s U V'^- LTSI^rlS^ 0 . 5 m g /m 1 ^ b/co ^^f^s M g 
C 1e (1 OmM) . MnC Iz ( 1 mM) . DNAs e (1 0/xg/ml) fej: 
r^RNAse (10/xg/ml) ^»LT. -Ty^a^-v^a ^^^7K±'e$ ^ 
4 5 5jYp3lliML/t„ 8 ^^PE^tD^^Smfl^^: X 0 IHia^S^^^-^i:. 1 5, 0 0 0 x 

g T 3 0 '7j-m(DM^L^'7^mic X D ±»^if if 

Talon«*7A (Clonlech) hiCgALT. 2 OmM ^ 

^M^mmi^rco mm^y^^^M(D^^x^i:xmmt. 1 5%yvp±-7"(?DSD 

S-P AGEtCcfeDEiSb/Co T a I on^U'^h^'^y^-m^. 15kDcD 

-i-jVTii^ (Zeneca Research Biocheinicals, England) ^ffll^T. T r x 20 
I^mmiC^^mmi^rco (Pharmacia) ?i»#?£^mi^T. 0. 5 m 

gOT r X 2-fy^^(D±Km^-^nrcmti^ryWiit^yrvi~x4 b^^l.^ 
ffii/^T. 77^::iT-^-isMKi*^iiSLrco mm^mmt. mm^T r x 2 
^xz^±mmmni^^m\^^ryx.x^yy'u^y vKX^umLtc. ^ bny fu 

PS L/C (Svensson, LL, Alexson, S.E.H., Hlltunen, J.K. (1995) J. Biol. 
Chcm. 270, 12177-12183) o 4 L./ynyr'^ y^^'T^mOTcmc^ UM^ I 5% 
S D S-P AGEMt. 'Tfrn-^tirc^y^i^M^mUmMi^i^^^-hu^JlyU 



(18) #S2 0 0 1-5 1 0 9 9 7 

-Xfll (Hybond-C Super, Araersham) fC^Lfco 5 %mmmmi^^mi^ 
0 . 0 5 % T w e e n 8 0 ^^^^^ PBS T^M^y n >y 77 ^' -rix 

it7mmm'^mtK^lf^ECLy°uh:=i-Jl^ (Amersham) izLfcff^-oX I : 5 
0 0 0 lcmKLrcWr^U-^}£^M^iy^-'^m^^^^'y^^ I g G CAmersh 
am) ^fflV^T. :^SMm^^5feLfCo H 7 tC^L^cJ; 5 tc, hVfV^mt^ 
jV:t^iyV-L.ti^mm^j:m^M^^ti^^j:^iy^^i-}l^^^~^-^^^^ T r x 2 

ft 5 b 3 y K TM^^f^/ftttC^ft^^o ^-jhT Txllt. T r X 2 tCt^-T ^ 

ii*>5>(D^»M-t«m»OT r X 2-^l(i. mo. I g/^y^^^M 1 

^^ff y If y fc j; D m^^nrjiti-^-Dtcrci^. j; D if v^^^^fi^^ 

5. =^tuh'^iyymm\i-cy7.vym7L 
^mmhrctiK cmt. i^tu¥^iyytfimfm=^^v]^^>'yv^^^^~^ ( 

T R) amtf^yu N A D P H ci; 0 >X i; >'C)>>^x;V7 FMjt^Mffi-r i.^ 
mmry^-fV^^o t F^*PK4^^>yi:fimT r x 2(D^^'m}:mhrco 
-ryXUy>>^X;I/7^' KM/tr^y^-rt*. ^^fie^fCt^MMD (Holgrem, A., B 
j Urns Led L, M. (1995) Methods Enzyinol. 252, 199-208) fC^^Lfc^A fIL. 
htt^-^Jii^iE^tU^X. mfcK^'OT r x 1 ^^X^T r xZ^mmtLfco T r 
X 1 $5j:C5T r X 2©7U3— F^. 5 0 mM^Hepes, p H 7 . 6. lOO^g 
/m 1 tDB S A$5^r;2mMODTT (2 /i 1) tti,K^ m^Ml 0 pt IX. 
3 7 °C-?^ 2 0^^Pe3. i^fi-f y4^rL-<- F Lfco 2 0 0 1 ©Hepes ( 1 M 

), pH7. 6. 40/iltDEDTA(0. 2M). 40/xl'^NADPH(4 
Omg/ml) iDcfctfS 0 0 /X 10^>'Xijy (1 Omg/ml) 



(19) #^2 0 0 1-5 1 0 9 9 7 

rM^t?<7) 4 0 1 ^mw\^fco 10 ill R (3 . 0 k,n :^ 

{to ^» LTSJS^IS^fj^'li. ^ y^a^-^-i/ 3 3 7 °CT 2 0 'MBWi L 
fco 0. 5ml0 6M^Tr:^?y-HC K 1 mMOD T N BO^til J; S 

J>c,^^ff±^'ii:. 4 1 2 nm-e^DPrng^M^b/co "^S^WT R$5ci:t^ b h ^ 
^UF4^^/>'^i. A. HolmgrenW (Karolinska Institute, Sweden) tDfPjpfi 

y^=L-^~Yhrcm^. T r X Z^^XSMYT r xtiT RtcMLT^L< m$f* 

/£„ Tr x2fiJ^^^a^:t^F+5^yhffl[3IT^§(tnHfe. ^nii:^JlMT 
R^7)aK^LTWt^T^^:&jb^o/c (x-^(±^$tlTl^:&l^) o 

6. H h c DNA(?3-^il 

n/co cint*. S9tC^^tl^o cltlJi, ^^yFTrxZ cDNA^8 7. 4 

H FT r x 2<7)^iJ7^ 7^13^1^01 OtC^t-o cltlfc. Ser58$5c];t; 
L e u 5 9 (Ommi^±.(D^ F ny F U T^V^-fi- Y-fnf-T-^^mmm: 

7. ^^bF^^yy2fflSftffl:$fy/^^g 

T r X 2 ^fflSjtffl^§^y/^^R^^-r§fci6^C. FTOc DNA^-f 
y^U-^ffll^T. #S(7)2 0(7);N'1':/U^y F^trJ;D. T r x 2^5^^^ 

/^^S^^IfLfco pGBT9y-^^^- (Clontech) T r x 2 ^^n-y 
itL/co ^tlfiT r X 2 J:a-a-LfcGAL 4 N A|g^ Fy< 
-^y^^M-^^o pGADlO^^^- (Clontech) tfit^fflic DN A'^-i':/^ 
ij--^>^n-y{tL/co ^tiac A F 4(7)DNAfgmi:Fy<'f y^BI^L/c^n 
-yfkc DNA^fgii-r^o FU7°F77y*5j;tfn^i/yic^tLTa^«jJt14 
1:\ tm^mmm (U a S ) ^cfct^C a L l y°U^~^~(DT k T A§P^^(DM 



(D^^ ^—r^mmmB.^Lfco p G B T 9 CClontech) $5^:1^ p G A D 1 0^ 

t^o pG AD 1 Q^^^-^(D^u-yit^y7^^MtT T x 2 t(DmiS.im 

GAL4(Dfe^Sf±ft:m»tlT. tX5^vycD%il^fc/c^ L 

rcif^-)r\ix^iyy^X^^rcy°]y-h±T(Dmm^^n-t^o f^i 6 x i 

xn-y^m^L. 2 0 03n--jb^^L e u/T r p/H i s^X^^rc^U-h± 

•vmrnLwrco $p,fc^w^rc^tc. 1 1 o«tt (igm) ^u-y:^muh 

'^m^nrc^y^^^mit. y^rvy-fyiimmmit. 7°^x^/-^>; 

e>nT-^^>; PDK y-7^^^y. -trUyfc Fn4^$/^^;l/h^yX7x 
9--tf\ NF-kB p6 5. locfcCf^y/^^SgB^J-r— ^^-XPfJtDK^tD^ 
> / N ^ H ^ Bi! ^ }^^*ISf5ltt^^^:^0> ^ y/^ ri- K-r § 2 OC) c D N A 1? 
(01 1) o 

m$^mm(Dyjm-vx^v-:=-y^''^tirc^y mcDNA^-cf^v-^m 

-A^y/^^ms 1 7. c-my c^yhny|g-^:?y7^^M (yy^7^y;^7^ 

-^y/-^^K) . 43cfctfx-^-^-Xt|^T^0M^^:5^^IS[Bltt;&W^^i^^y;^^® 
3- F-r ^ 5 c D N A E^Oo c D N A E^^'Jii. 0 1 2 ^C^-To 
8. T r X 2cD^Vi^«^l^ 

Hhy/AOt r x23tf5? (HI 3) p^g^D^y FnytD»j;muH^-ot 
t^:^rc)i>K. 2iafOy-^-Y-T-^MLT. t r x 2Mi^^(D^5^(DP C 

~t75,ymi 1 0-7^7^1 1 7c0i;/^-X7°-^-rv-^>(j^P>i?ScD. 2lig 
li. 7^7M8 8-7^7^9 607:t 7- F-Z^^v-^, #±nFyT?^(D 

i;/^-x7°-^-Yx'-^:?3^?);?g§o m-Mts ^hf/L.DNAt^ib(Dmmcm^-' 
^ 1^ 4 . 2 k b mr-^^^^-'mm 9 k b c;)^/^*^^^ 
^tiJCcfc^ti-i^i 3. 2kba)fif#-ryFnyA^^c^o cn^^D^^^^ 

t^tCp G EMT^->^— (Proraega) ffi^C^n— yftLTs -y—^y 



(21) #^2 0 0 1-5 1 0 9 9 7 

8 8 t(DmiCim~t^ 4kh(D4yhuyij^l -DrBWi±hfco 9 k b P C R m 

i|jMti;ioi». t r X 2tD7^yMi 2 9 ^7^yai 3 0 ^©rsMtt-T^-fy 

Vuy^i-^ra^^hfco Pi^f?)xy^-rxfpmGT/AG;I/-;Wc^i(L/t 

9 . b P A C ^ y cDmilfc' cfc r;^fe#:Mfett 
t h ^ttliliMSa^^yb^ em^^ pCYPAC-2 (Lehrach et al . , (1 
990) ; Loannou et al. , (1994)) tc^^^n/tb b P A C ^-T^^ U - (No. 

7 0 4o Resource Center/Primary Database of German Human Genome Project 
, IcTlmfi^^mX) thT r X 2Me?^^e>0'>'Vi^DNA7°^-7^~H6- 
2 T r X 2;&ffll^TX^U--y^^L/&o 4. 2 k b 7^^^^ > b^. 5^^^ 

A7^F. 4 2°C) T-?^-^. 7^;I/^-|g^PAC^n-y^;N^yiJ^VX 
^i^fco i; ^V^-^/ a y^i. 7 2xssc, o. i%sds 

^-^^ 2 0 5>P^. 0 . 1 X S S C . 0 . 1 % S D S Pf^T^ 2 0 'iff^. mMTI^Wmk. 
0. IXSSC. 0. 1 %S D S^^T-e 5°C-e3 O^^^DrTfe^^Sm^StL'/co 4 
Bf^fC. :t-h5>>^^^^^7^'- (FUJI McdicalX^) "e^^^Lfco 130k 
bco^^n— 

y^^ t r X 2®e?^^^lr-r^ C ^^WiJHJ^L. cn:^^f>Qiageniifip°p{c D N 
A^^^M^nfco ^n-y^O^^^^^feim-ltTfe^ch^^B^lft-^fc^^c, M 
IH•T?fflV^;rc:/^^■T-|a:^Ml^TPCR^I|glU ^^0^*. IH^tiil'S^jjjctl* 

1 0 . Y7^iJ 7 F/^^^;i/ii7tin situ/N^7^i; ^v^f^-y 3 y ( F 

I SH) 

t r X zmi^B^^-^imt^^^ym^w^niEt^rcmc^ fi^^n vrnm^^ 

im^^mm^^y^'') Fffl.W (/^AX^-Xt h*5i:aV^X/t: F) t>-^ 
^^^^?DN A:&#ilLfco li^4ocfcm¥±n FytCtJjS-r^7°^^T-:&ffil> 
T. P C R^ili^HjllL/Co if^M«tf^^X^i. 1^ 1 3 0 k bT 



(22) #S2 0 0 1-5 1 0 9 9 7 

o /to m22 '^^ifit^ p c R mmi^ d Trn'^mi-^^ c /t^feft-^^fe o 

fca6. t r xZmB.l'^^^'t^m^W-^'h^^hmmhrc (hi 4) „ 
y^hl^Xt r X 2 O P A C ^ U~y^m^^f-o t r X 2 jliS^^Djifitt^O^ 

el et al., (1986)Proc. Natl. Acad. Sci. USA 83, 2934 2938) o Tr xZ^D 
V kC^n—yit^ -^y^b^yXl^-^/aytC^Dtf^^y- l 6-dUTP 

-vmmik. 7°n-7~~^LTffll^/co Q'T^fmM'mUt. 7°n-7~ (5 

Ong. 100ng)^Cot-l DNA(2. 5~3. 5g) ^ffll^T. 3 
T-ceso-BO^j^PHl «7n-i;y^Xfco ?^^f')^^^'^-iy3y\t. U 

^'i' 5 0 %.t^;^A7 ^ F. 2 X S S C cf5 4 2 5 "^mmm^ 3 Ink 0 . 

lXSSCt^'6 0iCl?«??f>&3[lIff-o/£o ?5fe#f^^ M^yU^VXL/tt/n- 
7^^^7;V^ V-tr-f y- Y y ^^v'T^^- F -7 If >>~y D ^IS^^-^T. If ^^r. 
;Hbia7lf y>irL#^7;F^b'fe^>-^y^:a-i^7^-- F-7ey>D (Vcet 
or Lab) ^^c<fc§3SS03BMMtCcfcD. M7^>/^^^;V^m^M$-ti:fco « 
fi. lifettM t LTtD 2. 3%DABC0 (1, 4 -S^7+f If n - ( 2 , 

2, 2) ;^^^y) . 4oj;tJ?>rtJ:b^fei:LTO0. 5g/mltDDAPI 

(4, 6->?7^y-2-7x::i;l/ — TyF^/P) ^^Wr^y^iJ -trD-zH^^c 
X-^-f F^V^yFLfco Power Macintosh Quadra 950ny If ^-^-^C^ D^'J 

iP^ti^]f5PC C D;^^'^ (Photoineteics Sensys) ^MliL/tZeiss Axioskop 
^T^Mim^^ffll^T. \m~^mmtl.fc^ SniartCapturcy7F7x7 (Vysis) 

ij ^v-e-y 3 yfi^^i. q 1 3 1 . i xmmmz zm^i^(Dmyj(o-^^^± 
11. T r X 2mM(Dy-^^y6^m 

^hmmMT(Dt rx2 mRNA^?tD#i£*i^ffi-r§/ti6fE:. P dU 



T p-rgfiL^t r X 2 c DNA:/n— 7^:^11 hniRN A VX^-yn^y h ( 
Clontech) ^/^•Y7~^lJ ^VX^-^/co ^^Xi^y V^^-V=7^J^^'''7y -< 

G 3 P D H (^'V ^iVriV'fy^ F- 3 ->t^X7x- bxt Fn^^^-^f 

12. ^ F n y F i; 7 Mffittfc' ^ r^^SW t:^6^5>l/r 
^ F 3 y F U 7}cfett^ T r X 2 J; J; < SfSL. 2 ocD^N^y U 7 

FX^y-r:y^7Wil^tlfc^>7N^®(Dl><0^^ttDT r x 2 (DffiSfl:)^^:^ 
fpffi-r § /t^^cti, T r X 2 (D^oy^ F n y F y 7[^MftfJ:^Mt-§>i:^g:?)^^fe 
F^»'cfct5«?®W^IM-&fc^MiEfb¥^fflV^T. 
t r X 2;^3^^5 Fn>'Fi;7«i^Mfe'r§o J:^^Lfeo 

LTs 10 0ml (D^mjk^. ^(DW 0 . 1 M U yK»^S^^7j< ( P 
BS ; pH7. 3) 45tD4 %/^^4-^;^A7;Fx ti FS:t/ 0 . 1 % tf ^ U y^otM 

. PBS^Ol 5%X^n-XTM5^^;&^i;^7'nf^FLfco ABCJS^fflV^ 

m 

(1 % B S A^XXlO . 3 %Triton X-lOO^^^t^ P B S T 1 : 2 5 0 KMR 

) ^ 1 2~2 Amrs^y^^^-hLTco m.mi9cmk. m¥{^^^=r:=-Mt^^ 

^^^^ (Vector Labs, i:300#i^) A B C #^3 0i}-r^ 

-f >4^ri-^-hLfco >^7^^7-^y>?vy^eiMf*^LTffil-^T. Trx2-^ 
SjS^^fgiJI-r^gPli^f^MfcLfco «>^^»b. MALT, nnyiicropho 
t-FXASMTM^LfCo 



^•Mm^mwmm^. p b s ci^© 4 %7^^y.t^;vA7;v-r t h\ o . i % \^^v 

^Lfco m^^^mmLxmnm-^'tkrco t r x z^w^. 1 %b s Afcj;^ 0 
. 2%^t°:=-y^^^r^PBsr^n$i (1 : so) u m^i^^^tthicA 

1 2 Bf rES-f >4--:i^- h Lfco y^y^^i^^^fellill*^ LTJ1^l^/t 

/to 

mm (NO) ^i. In vlvoTO^y^^^acDS-::ibnt/;HI:^#tJS^cD^ 

-"^iyiJJly^mUL (SchailreuLer, K.V., Wood, J.M. (1986)Biochera. Biophy 
s. Res. Coramun. 136, 630-637) . ^LTin vitro-e^A P UC^jtt^N OcD 
fPffl^i^l5Lf#§ (Nlkltorlte et al. (1998)Biochem. Blophys. Res. Comraun 
. 242, 109-112) Ctti^m^'^'h^rcisb. ^ hny FUrF^(cfu«f ^ t r X 2 

i tu/ y V -If- ^/ 3 :^ 

in situffi/^^7^U ^V-tf— >3 > 

i;(M^Ci¥fWfCf^HI!$nTl^i)(Kononen and Pelto-Huikko, 1997, TlPS^y^ 
^y) in situA ^7^^iJ^V^^-v'3y^^ffiLfco M r X 2^C 

#MW^2 0tD:ti;n7f^^^^K (5?^P4-^F t r X 2 r 2 : CACCACCTTCCC 
GTGCTGTTTGGCTACCATCTTCTCTAACCGAGGTCC. ^XZft r x 



GACAACTCTCTCTTGAAAGTCAGGTCCATCCTGGACGTTAAAGGTTGT) MliT^t^i^?^ ^ V 
^f^Fh^yX^x^-- (Amcrsham) ^fflV^T. P-dATP (NRN, Bosto 
n, MA) S'^firffi-^. 1 x 1 o" c p m/m g Ol:h?§tec|giiL/co 1^7° 

mUT. Fv^7-l'X±-r7tlS$^/'Co ^U:tX^^yh©K- (14Mm) ^grMicr 
on HM500^U:^X^^y FT^iffU Probc-On;?j^-^XX-^-r F (Fisher Scient if 
ic, Philadelphia, PA) ^xmm.f^o f£StT\ 2 0 °CTf:S#L/£o 

t;Oit^MI|ft^T\ 4 2 "Ct? 1 SBfPfg. /N-f^^iJ ^V'tf-v'a yp?J^x;V4JO 5 
n gXm 1 cD^{t:yn-y^^y4^a-^- F i5fe?^LT. ^j^L. Amershara 

K-^Kodak NTB2p?^b7-b^^y^Xx';l/i/3 y (Rochester, NY) ^^C}fL. 

H^tlMikon Mlcrophot-FXAgim^-?\ «>t^lS^Lfco W\U^. 

If M • 

in situ : mM'^^lCMiU^JlyO:) t r x 2 mR N Ao M^ffMHIII^cO^ 

fbo 



mmito 



(26) #^2 0 0 1-5 1 0 9 9 7 

in siLu : ±^^ce/^^:^;I/o 

in situ : ±BiKmm^J:>'^^i-^]/o 

itium) ^mmito ?K(7)±^*5j:OTjifC$/^^^;W 

mmmmmmimmito ^^n^mcmm^^iy^^i-jw ^Ln^-^mmo^^mm 

: ^jg(basal)±^(0^^^y-9-^' Vimmito ^i§0!/^< 

wm-mw^m^in situ-??^gov'^^-^;Vo mm-r^im-y^'i-jVo wm^n 
{to v-<-omt$mic^<^^o 



(27) 0 0 1-5 1 0 9 9 7 

#:#tr)#j't»'emiift:o ^'74:=-y^Mm:Mm\to ^m\^(D^(Dmmoy\.^ 

m:^m\cmM.<D'y^'i-)V. 

^mnmnmm^^WL(ommit:=^:^-xjy, ^7-^4 vwm c^^ut) mm 
-xiyxm^m^mmto 



mm^ : 

: in situ : jbmto^XJjL^'m OL^IS) lc^&<Diy^^i-j]yo 

cn^tDlSm. ^ISH^jcfctfjl^^y htDlMl^(7)t r x 2 mRNAfej:l5 
(Nakamura, H. et al. (1994) Immunology Letters 42,75-80) TMz, 

^■t^^:^U]^^-yy(Dmtitti>iz. T r x 2 *^^^a-n yfi^(7)0j»' 

T r X 2tfiWv^micmm'^ti^Mmmm^it^WL(DmmmmmM=-:i-~u 

ytf^^tEt'Sfz^. T r x 2Ji. ^?tM®^cai^T^>WM<DfSM^:^/cL#§ 

14. T r x 2 ^ffiTOT r x 1 

^3tfE?^#J6fcV^ < -Di:i^(D=^^V F4^>'yjt^E?^^it L/t (Tonlssen, K. F. 
, Wells, J.R. (1991)Gene 102, 221-228) o 



(29) #52 0 0 1-5 1 0 9 9 7 

1 X x2(Dn- yj^^msm. 12.1 mmm p i ^w-r§±i»i4 

rx20N*«. ^ fny Fy7fi}^^7°^FJ;. 12. 2 k DcDj?5cii^ 
^ Fy>T r X tl\MhX^ ^-r>fc^^V^5 Fny FU TSMCiT r x^i. « 
Bodenstein, J.,Follman, H. (1990)Z. Naturforsch 46c, 270-279) o in vitro 

^^^W^/mmt. T r X 2 ^n-yfc4oit^fiS h0^-7>U-xV y^^y 

]y~L.(D^^^mtlhrco S D S -^-^V 7^^ U ;P7^ F W«Mt:^ij^^+/ftC$5^t 
§lif^_«tfW-r D (20kD^tl8. 2kD 

T r X 2fi;^«^e^^c(i:ni|L^^^l.F4-->^yJ:0M1^*f^.tl(7)^^VF4^>' 
y^cigl^ttn^^). T r p-2 8(D^^rj:±WM^mcim-in^^^<^-fy^(D7 
^/mit, T T x2^iatim-^nx\^^rj:\,\ A 1 a-9 343j;i;G 1 u-5 7 

(Di:dr^^y^^'^Mmmmicm-^t-^7^ym(Dmit^ *5^5<. t r x 1 1 

«Lfcii^. Tr x2tC^^LT^:&^#mtt^{tW?.^S^n^o 

F4^v'>(i-r-^T. rS'»fi!efiLg-r§ 2 ojcijp^T^ 
2-3 ■OtDv'Xx^ >m^#^§o C n^0^jt« y 

F4^^^yc0^3i:6^?>. C y s - 7 2ii:. m'\mmmibr}G:mLrcjV~y'^lciiL 
mT^o Xilin^ (Ren. X. et al. (1993) Biochemistry 32,9701-9708) ^i. C 

y s - 7 2 t,^=:mmmt^(Dmmmm^im^t^ c t^^.Lr^o t r x 

2 irmf:^MmTmm'\iiy7.f-^ymmmi. miticsttm'\t^H^'r^ 

Pi?LST rxti. >t^. ?tS/h». 5FnyFU7$3c}:tfJSgfli^^i6fc^it 
oa:^:|,MIS3y7^-F^y Ftfi^cMm^ti^ (Martin, E, Dean, M. (1991) 



(30) 



#^2 001-510997 



Biochem. Biophys. Res. Commun. 175, 123-128) (Hlogrem, A. , Luthman, M 
. (1978)Biochemistry 17, 4071-4077) o Tr xlimWim^Mm~$tl. ^¥H? 

t^o T r X 2ii. T r X 1 ^ y/^^S^b^^m^tl^^l^ti^. M^lI'lMiSi^Zf 
n^m^Tm&imM-^ti^ (Fujll, S. et al. (1991)Vlrchows Archiv A 
, Pathological Anatomy & Histopathology 419, 317-326) o MMitT^M. t F 
n4^>';V^S>^;0;l/*5^t)^X-7^-:t^i> }^7:^-tyr^E(DKit^'\mm^f^W (R 
0 1) mfWt^^^Sfc-g-tJTfe^CHalliwell, B. , Gutteridge, J.M.C. ( 
1 990) Methods Enzymol. 186, 1-85) o R 0 I CDSg^^tMMii ^ h n y F U 7 
(Turrens, J.F., Boveris, R. (1980), Biochem. J. 191, 421-427) o — 

0 I It. mmiMmn-e^^mmc. t n f m^'\tmm^^m(o-y^'i-;v h^yx 

7'=L~^-tLrmm~r^Ctmm^tirc CSchulze, O.K. el al. (1993)EMB 

0. J. 12, 3095-3104) o "^^u ]^=^^yyirMmi\ym^m7tL. yv-^P^?\y 

^«U#« (23-25) o T r x2lcMt^7y-^~r-4-mm¥ii^^m^^r. 

4^mBm^it. ^titi^^h^y]^vr^KM^u mms^yA^m^tiskBt 
T i; D Btt-efe § ^ b 3 y H u rMfe^b T r X 2 . ixmr^'^^M ^mmv^ ^ 



(31) 



#S2 0 0 1-5 109 9 7 



(1) -JlS«$fi 

(A) SI*; : *n /tf:*- T^f-x^^-i'' 

(B) i®D : 

(C) m : yff 

(E) H : ;^'i^x-x> 

(F) S5ffiS^(zn') : S - 1 4 1 5 7 

: n>>-:/ 
©a : l£H 

(F) 15ffi#^(ZIP) : E C 1 N 2 J T 

(A) : XA-YD^, v7::i:^ 

(Q m : 75=^ -yff 

(F) UffiS^tZIP) ; S - 1 4 1 5 7 

(iii) E^Jii : 4 8 
(V) rJ > tr a. 1^151 Wh&J^S 
(A)*;|f* : yUvM-T-iT.^ 
{B)=?>Ki— ^ : IBMPC r3>^';— 5^>f 
(qSf^~>X7'A : PC-DOS/MS-DOS 

{D)V 7h-':7x7 : Pateniin Release #1,0, Version #].25(EPO) 

(vi) mi^m^-^ 

(A) tBSS#-f- : PCr/GB£8/00263 

(vii) i^tB^x-^ 
{A)fflJiS#^ :GB 9701710.7 

(B) iBJ^B : 1 9 9 7^ 1^2 SB 



(32) 



^^2 0 0 1-5 109 97 



(A) SH?ljSQM^ : e amino acids 

(B) EiM(om ; 7 y ^ 
(D) r^^Dv- : ttJItt 

Trp Cys Qly Exo Cys Lys 
1 5 

(A) H?tJ©g$ : 1276 basepaiis 

(B) iE?(J©§i : «S 

(ix) E?iJ®i^fit : 

(A) i$^&arie^: CDS 

(B) #4{iia : 52... 552 



-FGaCGGGCflG GCCGGCTCSGG CTCIC-CRTCC CTCTGCTCRC ACTGCCGGC-A G ATS GCT 

Met Ala 



CAS C©3 CTT CTC CTG AGG AGG TIC CTG ACC rCA GTC AtC TCC AC-G -ftAG 
Gin Arg Leu Leu Leu Arg Arg ?fae Leu Thr Ser Val ri, ser hxs Lys 



CCT CCT Cac SST GTC5 Tt3G GCT TCC CTC ACC TCT ACS A3C CTG CAS ACC 
Pro Pro Gin sly Val Trp Ala Ser Lau Thar Ser Thr Sar Leu Gin Thr 



CCr CCG lac AAT GCT <3GT GGT CTA ACT GGA ACA CCC AGC CCT <5CC CGG 
P^Q Tyr Aan Ala Gly Gly Lau Thr Gly Thr Pro Sar Pro Ala Arc 



(33) 



#S2 0 0 1-510997 



ACA TTT CAC ACC ACC AGA GTC TGT TCA ACA ACC riT AAC GTC OVG GAT 249 

Thr Phe Kis Thr Tfar Arg Val Cys Ssr Thr Thr ?fcs Aan Val Gl.-i .i^sp 
33 60 SS 



GGA CCT GAC TTT CAA GAC AGA GTT GTC AAC AGT GAG ACA .CCA GT7 GTC 297 
Qly Pro Asp PUe Gin Asp Arg Val Val Asn Ser Glu Thr Pro Vai Va.1 
70 75 80 



GTG GAC TTT CAT GCA CAG TGG TGT C<3C CCC TGC AAG ATC CTA GGA CCT 3 4S 

Val Asp Phe Bis Ala Gin Trp Cys Gly Pro Cys .Lys lis Leu Gly Pro 
S3 5Q 95 



CGG TTA GAG AAG ATG GTA QCC AAA CAG CAC GGG AAG GTG GTG aXG C-CC 
Arg Leu Glu Lya Met VaJ. flla hys Qls. His GLy Lys val Val Mec Ala 

100 lOS 110 

AAA GTG GAC ATT GAC GAT CAC ACA GAC CTT GCC ATT GAG TAC GAG GTC- 
Lys val Asp I1& Asp Asp His Thr Asp Leu Ala 11a Glu Tyr Glu Vil 
•2.^5 120 125 13 0 

TCT GCT GTG CCX ACC GTG CTG GCC ATC AAG AAC GGG GAC GTG GTG GAC 
Ser Ala, Val Pro Thx Val -Leu Ala' Jle I-ys Asn Gly Asp .V5.I Val Asp 
135 UO 14 5 

AAG TTT GTG GGG ATC AAG GAC GAA GAC CAG CTG GAS, GCC TTC CTQ AAQ 
Lys Phe Val Gly lie Lya Asp Glu Asp Gin Leu Glu Ala Le- Lys 
ISO 1S5 ISO 

AAG CTA ATT GGC TGACAAGCAS GGBAGAGGCC 'AGACTGCCCT TGCCTGCTGG 
Lys Lau lie Qly 



AAACCCATTT GGGGSGGAAC CTAGTAGAAC TCCCAGCCCT CAGCTGTCAr CCTTCGTGCC S43 

CTGCCCCrOT TTTGTCCTTQ TGGGTCTTGC CTTTGGGCAG CAGACTTCCA AACCTAGAAG 709 

CCACCAQCAC TTCAGXGCCA GCCCTtSlGCC ASGATGGCCA GGAGAGGGGC AATGCTGCCG 7S3 

ATGGTGTGGA GGACKSGGCAT CCTQAGCACC TCCTACTC3TG TQCTTCTCCT GTGCACC2AC 325 

rGTGTGCTTC TTCTAGGQCr TGTTGCTATT CCCCTAGATG CTAGACAAAG CCTGGGCCAG 883 

CCT6TATTCA CCGCCCAGGC AATGGCCCAG TCCTCSrCTC rGAJGGTCCTC TGATCTGAAG 949 

CCTCA«CCCC ACACACACac ATGTGUCTcT GCSSTATTTC CTCTCCTSCC TCTGCTTG&A IOCS 



(34) #82 0 0 1 -5 1 0 9 9 7 

AAGGAAACJA GX^SCTGAAC SJi.GTGAGAGT ?J!.TGGATAAT TCTCTCATCT rTTGTAG^^TC L0S3 

TGTAArSAAG AACTTTATCT C3ATCCTTCTA CCTCTTGCTG TGAAQftACAG XGCCCACCCC 1123 

ATTCCCTATC TCTGTCCCTT CTCTTCCTTG TCACCTCCCT GC-GITAGCTG GGCCTTGGTT 113 3 

CTGGTrCCCT GAGCAGGAGG AGGAGCIGTG AACAAGGAGA CCAATAAAAC CAGGTTTCCA 12 43 

TTGCCXICAAA AAAAAAAAAA AAAAAAA 127S 

(A) SE?lJ®ft? : 136 amino acids 

P) h^Di;- : ISM 
{i!)ffi?iJ(0«M : ^yj^^K 

Met Als Gin Axg Leu Leu Leu Arg Arg Phe Lata Thr Sar Val I la Ser 
15 10 IS 

Arg Lys Pro Pro Gin Gly val Trp Ala Ser Leu Thr Sar Thx Ser Leu 
20 25 30 

Sin Thr P» Pro Tyr Asn Rla Gly Gly Leu. Tiur GIy Ehr Pro Ser .Pro 
35 -to 4S 

Ala Arg Thr Pha His Thr Thr Arg Val Cys Ser Hlx Thr Sha Asn Val 

SO 55 SO 

Gic Asp Gly Era ft,sp ?he sin ?i5p ATsr val Val Asn Ser Glu Thr Pro 

63 70 75 SQ 

Val val Val Asp Phe His Ala Gin Trp Cys Gly Pro Cys Lys Ila Leu 
35 90 9S 

QLy Pro Arg Leu Glu Lys Mec Val Ala Lys Glc Bis Gly Lys Val Val 
lOQ LOS iia 



Kec Ala Lys Val Asp He Asp Asp Sis Thr Jap Leu Ala Ila Glu Tyr 
LIS 12 a l.jLb 



(35) #^2 0 0 1-5 1 0 9 9 7 

Glu val ser .aJ-a Val Pro 7hr Val Leu Ala. lie Lys As.i Qly Asa Val 
130 13S 1.4Q 

'val Asp Lys Phe Val Gly rie Lys Asp Glu Asp Gin L«ti Glu Ala Pha 
143 150 ISS ISO 

Lau Lys Lya Leii lie Gly 
ISS 

(2) SE=^JI|-^4®|i^J®fi« : 

(A) iE?J<?)ft^ : 501 base pairs 

(B) !Se?JroS : «® 

(M)gc?iJ : ^5'J#-^4 : 



A1C3GCTC34GC GftCTTCTTCT GMGftlSGTTC CTCGCCTCTC3 TCMCTCCftG CAAGCGCTCT 

cASGSTcaGT GcKcacccCT cacrrccaaA ©accTGCftGa cccau:aAT<3 caotcctggt 

GGCCTGACTS TftACACCCAA CCCAGCCCSSa ACAATATACA CCACGAGGAT CTCCTTGACA 
ACCTTTAATA rcCAGGATGG ACCTGACTTT CRAjGACCGAG TGGTCAACAG TGAC-AC5.CCA 
GTGeTTGTQG ATTTCCACGC ACAGTC3QTGT GGACCCTGCA AGAXCCTGGG GCCGACKSTTA 
G&GAAGATGG TGGCCAAGCa GCACGGCAAG GTGGTGATGG CCJUGGTGGa. TATTGATGAC 
CACACAGACC TCGCCAXIGA GTATGAGGTG TCAGOaGTGC CCACTGTGCI GGCCATGAAG 
AATCKGGACG TGGTCS3ACAA gtTTSTQGSC ATCAAGGATQ AQGATCAGni GGA03CCTTC 
CTGAAQAAQC TGATTGGCTS A 
(2)ia3?!]#^5i![)Ba?iJoffi« : 

(A)ie5'JOS^ : ] 56 amino adds 
(D) : jgJSIt^ 



SO 
120 
180 
24,0 
300 
360 
420 
480 
301 



(36) 



#^2 0 0 1-5 109 97 



MftC ;U.a Gin Arg Leu Leu Leu Arg Arg Pbe Leu Ala Ser Val lie Ser 
IS 10 

Arg- Lys Pro Ser Gin Gly Glo Xrp Pro Pro Leu Thr Ser Lys Ala Leu 
20 23 30 

Glii rtlX Pro Gin Cya Sei Pro Gly Gly Leu Thr Val Tivr Pro Ajsn Pro 
35 40 4S 

ala Arg- Tivr lie Tyr Hsx Thx Arg lie S«r Leu Thr Thr Phe Asn. lis 
SO SS SO 

Gin Asp Gly Pro isp Phe Gin asp Arg Val Val isn Ser Giu Thr Sxo 
65 7a T5 ao 

Vai Val Val Asp Phe His Ala Gin Trp Cys Gly Pro Cys Lys lie Leu 
as 30 SS 

Gly PEO Arg Leu Slu Lys Mec Vai Ala Lys GLc Kis Cys lys Val Val 
aoo 105 iia 

«ec Ala Lys VaL Asp Ila Asp Asp His Thr isp Lau Ala lie Glu Tvir 
US 120 12S 

Glu VaA. Ser Ala Va.1 Pro Xhr Val Lau ?aa Het Lys Asn Gly Asp Val 

130 135 ^'iO 

Val Asp Lys Phe Val Gly Ila Lys Asp Glu Aap Gin Leu Gla Ala. ?he 
145 150 15S 16 Q 



Lou L-j'S Lys Leu lie Gly 
ISS 

{2)i^?lJ#^6 0i3?!J©^iffi : 

(A)ffiJiJ(CS^ : 32 amina acids 

(D) KT^^ni^- .- mmtk 



(37) 



#^2 001-510997 



Mat iUa Gin Arq Leu Leu Le-u Arg Arg She Leu Thr Ser val Ila Sar 
1 S ■ IQ 12 

Arg Lys Pro Pro Gin Gly Val Trp Ala Ser Leu Thr Ssr Thr Ser Le\i 
20 ' 25 30 

Gill Tiir &ro ?ro Tyr ftsn Ala Gly Gly Leu Thi: Gly Thr ?ro Ser Pro 
35 40 45 

Ala Ar3 Thr Phe Sis Thr Thr Arg Val Cys Ser Thr Thr Phe 
SO SS SO 

(A)E?iJ®S^ : 10 amino acids 

(P) K^niJ- : SM*^ 

Arg Xaa. Pbe Xaa Xaa Thr Xaa iaa Xaa Xaa 
I S LO 

(2)S?*J#-§8©E?Jc0tt« : 

(A) iH?!IOS* : 10 amino acids 

(B) iSMOS : 7 ^ ^ ^ 
(D) bd;at7- : [tmtt 

(xi) lE^J : 1E5U«^8 : 

hx<z Xaa Leu Xaa Xaa Ttxr Xaa Xaa Xaa Xaa 
IS 10 

(2)E?tJ##9®ffi?'J©fill6 : 

(A] S2?j£D:g$ : 10 amino acicfe 



(38) 



001-510997 



Airg Xaa Vai Xaa Xaa Thr Xaa Xaa Kaa 

IS 10 

(AjiH?!lfflM$ : 10 amino adds 

(xi) iH5ii : 1 0 : 



Acs Xaa £la Xaa Xaa Thr Xaa 2Caa Xaa Xaa 
t 5 1.0 

(A) SfiJOS^ ; 10 amino adds 

(B) ig?u©iJ : ys^^m 

(D) h7f<ny- : ietlt< 
{»■) iHFiJ : iE5U#^ 1 1 : 

Arg Xaa Pha Xaa Xaa Giy Xaa. Xaa Xaa Xaa 

1 5 . aa 

(t) E^iJH^ 1 2 ®|H?Jffiffilg : 

(A) Bg?lJ®S^ : 10 amino acids 

(B) : 7 5..^^ 
(D) hTlfoi?- : 

(xi)E5«J : K5iJ#-fl2 : 



At? Xaa Leu Xaa Xaa Gly xaa Xaa Xaa Xaa 
IS 10 



(39) 



#S2 0 0 1 5 109 97 



{i)IB$iJffittg : 

(A) SE?iJffldi^ : 10 amino acids 
<B) SE?i)(D2l : Ti^m 



Arg xaa Val Xaa Xaa Gly Xaa xaa Xae Xaa 
- 5 10 

(2) BH5iJ#^ 1 4 coEJijio^g^ . 

CA)E5iJ®ft^ : 10 amino adds 



flrg- Xaa lie Xaa Xaa sly Saa Xaa. Xaa Xaa 

(2) s^ijs^ 1 5 ommomm 

(A) lEMfZmS : 10 amino adds 

{B)IE?yoS : T-^y^ 
(P) Hrftny- : etgtt 

(») E^J : I2?'J#^ 1 5 : 

Ajrg Xaa Phe Xaa Kaa S«r Xaa Xaa Xaa Xaa 

(2) iI5ll«# 1 6 CDgB5IJ©«ffi : 

(A) iS?IJ®5? : 10 amino adds 



(xi) mn : i e 



(40) 



#^2 0 0 1-5 109 97 



Arg Xaa Leu xaa Xaa Ser Xaa Xaa Xaa Saa 
■ 1 3 10 

(A) 5aM©:l^ ; 10 ammo adds 

(B) i£^J©M -.rum. 



Azg xaa Val Xaa Xaa Ser Xaa X^a Xaa Xaa 
15 10 

(A) Ei?!ifflft$ : 10 amino adds 



Arg Xaa He Xaa Xaa Ser Xaa Xaa Xaa Xaa 

IS 10 

(A) SS?iJffift? : 107 amino adds 

(xi)^^ : iH?iJ#^l9 : 

Thr Thr Ph* Asa Val Gin Asp Gly Pro Aap Phe Gin Aap Arg Val Val 



(41) 



#82 001-5 10997 



Asn Ser GLu Thr Pro Vai Val Val Asp =he His Ala Gir. Trp Cya Oly 
20 25 30 

Pro Cys Lys lie Leu Gly Pro Arg Leu Glu Lys MeC Val Ala Lys Gin 
3S • 40 

His Gly Lys Val Val Met Ala Lya VaL Asp Jle Asp Asp nis Xhr Asp 
SO SS SO 

Leu Ala He Glu Tyr Glu Vai Ser Ala Val Ssa tit!: Val L«u Ala Ila 
65 10 7S 80 

lys Asn Gly Asp Val Val Asp Lys She Val Gly He Lys Asp Gla Asp 
as 90 3S 

Gin Xiau Glu Ala Sh« Leu Lya Lys Leu He Gly 

100 105 

(2) E^JS-f 2 0 ffiE?!J©<gfS : 

(A)iE?lJ®Sg: ; 105 amino acids 
P) h^DiJ- : ji^^ 
: ia?ij#^2 0 : 

jlec Val Ljs Leu He Glu Ser Lys Glu Ala Phe ela Glu Ala Leu -Ala 
1 S 10 15 ■ 

Ala Ala Gly Asp iys Lau Val Val Ual Asp Phe Ssr Ala Thar Trp Cys 

20 2S 30 

Gly Pro Cys Lys Met He Lys Pro Phe Pae His Ser Lea Cya Asp Lys 
35 40 45 

Tyx Ser Asa Val Val Phe Lea slu Val Asp Val Asp Asp Cys Gla Asp 
50 55 60 

Val Ala Ala. Aap Cya Glu Val iys Cys Met Sro Thr Phe Gin Phe Tyr 
65 70 T5 so 



Ly3 Lya Gly Gin Lys Val Gly Glu Sha Ser Gly Ala Asn Lys Glu Lys 
as 90 55 



(42) 



#S2 0 0 1-510997 



Leu Ol'i Ala Thr He Tlir Glu ?he Ala 

(2)rc?!js^2 imimm : 

(A) Sa?jCDS^ : 105 amino adds 

(B) mi<Dm : rum 

(D) hTftCti^- : 
(xi)iE?iJ : ge?iJS^2 1 : 



net V.1 Ly« Gin Il« Gl, ser Ly. THr Ala Phe Gl« Glu Al. Le. 
Ala Al4 GLy A^p Lys l,eu Val Val Val a^p Phs s^^^ Ala Th^- rrp cy. 
Oly Pre Cy. Ly« Met He A.i. p„ Phe Hi. Ser Leu Ser Glu Lys 

^5 4Q 45 

Tyr ser Val He Ph« gIu Vcl A^p val Asp Asp cys Gi.^ A.p 

S° 55 50 

val Al^ s« Glu cys GlM Val Lys Cys Tir.r Pro Thr Phe Gin Ph« Pfa. 
65 70 75 

80 

Ly. Lys Gly Gin Lys V^l giy Glu Phe Ser «y Ala A.n Ly. gIu Lvs 

as 

Leu Giti Ala tbx rie asn Glu Leu Val 
IBS 

{A)iS?J©:S^ : 774tecpaiis 

(B)mi<Dm : mm. 



iB5lJ«^2 2 



(43) #^20 0 1-5 1 0 9 9 7 

GGGCCCAfiAA SAAGAGATCT CTCGAGGiTC CGAAXTCCGG RTCCTGGCCA AGGCAGCiGG SO 

AAGTCaCCC<; TCJkTAACATG CKGflTTCTGA GGATCTGTGG TGGGCTTTTC ACXGT1CCAC 120 

CCTCTARGAC ATATGTAGAT ATCACSVCAIT ECAGAACCAA AGGAAGTGKS^ A-^GeTG3TGT 130 

JVSCCAAATGC TGASAGCAGT <SP<CC?,t&hPA AACTAAGTTC AGCCCTTRCA GGAACTCPAP. 2"4a 

GGCTTCACAG CTGTTTCCTQ GCAACCGQAG GCACAGATTA ATCAA-GRGCC TCACTCTAAPv 5 30 

CCTCSACTAAG GG?US>.GGCCTC TGQGCCCTGA CCACPiCCTGG AAGACTTCTC AGGGTTAGA?, 350 

AGCAGflCAGG CCTGTRC»X:X CATTTrftGTT TW;CCC2AGT AafiGTCriGC TTNCTCTTAa 120 

ISacCCTGCAA TTCTTTTCCA CTTGCCTTGG GGACGGAGGG GMCAAGATCT TTATOiATAC 490 

TCCCCTTTNN THaAGGADJTC TnSTrXCCATN CCATCCASAA. AATTTTTTTA CTGATTTGCG S4 0 

TACTCCMSC CiAGftilAATT GGXTGOGflTG GTTifCCCrCA ATACCaCCTS KSATTCCAAIT Soa 

GCCBTGrCTC TCCaACTTTA TTCCftlTCKM NCCAAGGCSNT GcrTSGGNTA eGTAAflGMA 5b 0 

GCTCCCTTTG GAGGCCAATT GGGGCTTtSGA aGGTrWSSGA AafiNCTCCTT ANAATTTTTT "72 0 

TTGGGHAAGG GGGCAKGTTC ATATOSiaAGT TWSTTGGAAA AGCaAGCJJSIT NTCC 774 

(2-)-S5iJ#^2-3.©iEJiJffi.mi6. : 

(A)i3?lJC:S^ : 750 base pairs 

(D) h^Di?- : m.mi^ 

(pa) m>l : iE5U#^ 2 3 : 



CJiGGGAAAAG AGACTCTCSA GGATCCGAAT TCCETATAaA TGACTGAATG AGGCTCTTCA 60 
ACaOCTGAGT AGCGTQfiACT AGGAAAATTN CAISCIGGGGIIN AATTCTAACA TCATTGTTGfl 120 
ACTJkCATTGT TTAGATGGGT ftCTATACCAT MTXTOACTft cAASGTUOUiA ftwiAAXSGAT 180 



(44) #S2 0 0 1-5 1 0 9 9 7 

GAAAGA^AaG TTATITCAGC TGGGTGCtSCSr tSQtrZZXiGCC TGTAATCCCA GCiCTTTSAG 3 

AGGCJLGACCA CCCGXCGTCi GGaGGTCGBG ACCAGCCTCG CdJiTATGGT 30Q 

GAAACCCTGT CTCCACCAAA GATACAAAAA TCACCTGGGC ATOGXCGCSjH QTCCCTaTRa 3^0 

TGCCacCCAC TCAQGASGCT GftfiGCRGGftG JlATCaCTTGA ACCCCGGAGG CGGAACrTGC 420 

AGCGAGCTTC IV3ATCGAHCC ACTTNCCCTC CAGGCNGGCi RACUIGAGTG iUlAACTCCAT 480 

CTCAAAAAAA fa5AAGTrS.TT TCaaTGGNAX CTCATTT?JGC GCfUVNCTTTC Ai-rNTHASTTA 540 

AAAATTtArr ASftAaTCaCT CNCCCACaJCG SSftAAAGSAC AAGSfTTSSGG TTCTTffiiTCA SQC 

rCACTCCACT GATGMflATT GGKTTCTTCS. HCaTCflNCTT CCCGftArcCA GaCTXTTTAT 66 0 

CHKJJGGTTST CTAUACCCCC ftlJNTCNCTNC ANTTNNGirrM GiWACAJiCTil ATNTCTTrOf 710 

ATCTTCAHCC CNGGCCNCTN CTCCTACINT 7 50 

(i) ffi^iJcDteg : 

(A) E5*J©:S^ : S57 Intftpaiis 

(B) S5ij(5S : mm 

(M}E?J ; S5U##2 4 : 

TCATCTCTCA. GTCCCTQCAC AGJiAAT<*AGA GAXOAACftAA AACGACjACAC TTCCACCTGG 60 

CCAGWSrCTQ GGAGGGCAGG SAtaGflACACR CSACCTGGRCA TTOGTAAG&A AAATAAAACC 120 

TAAATCAAAC ATTCAATCTT GTJSCCCAATA AaGGTTIISAA CJUSSGAACTC AGTCACCACC ISO 

ASSnCCCXCC CTCCCCTGCC AiSCaCTGAAG AAAAACJiaAA GTTCAACACA CACTAAGGGC 240 

TTAOGACGAA GGGGCRTTCT CCTGCCTTCC CCCAftCCCCC RAGAATGGGC TGGGGSiAAAA iOO 

ACGGCrATAT TTCCCCACCC CTTACAS3S3T CAACCCTACA CC3ACTTCXGA ATSTGATCCG 350 

TAAGAA7CAG CRCSCTCRATT OCfCAASSTKA rtcccc«ac« accccaatcji. cxTCACCAac 42 a 



(45) #820 0 1 

TCCCTTGOVC TTCTCTCCGG AATCTCCTCA TTrCAGCCCT rTTCCACCTC 
CTCiCTCCCR GAAGTCATTA CACACTTCJkA XCTGTTCCAa GSAACCCCTC CCCCATTS£T 

TCTATccTcs. cnccc&CTS Aaa«:cAacc nccaaattgc ccctgcccag atcc\actcc 

ACSAACKaTNG CRGTATGGCC ATCCKsTCTG GGTGACCICC CAftASCATTT CHGGGJiT 

iA)Mn<D^^ : 666 basepaiis 
(QlS^Dg : 

(D) h^DJ^- : lilltJt 
{X!-)S?i1J : ffi5!J##2 5 : 

ASTTCATARr CCTC3GTCCRG GCTiCTGTATG CATCGJ^ATAT ATrGTCTCAT GAGCTTCCTA. 
ATGACACGRC CTrCCTAGCT CCTTGTSaAT ACTATACTAT GCAGATCCCT CaGAAGCATG 
GEaCCTGGGft CTEGIGGCau: CMjCTGJkSCST (»CATTCTCr G-CCa^ATGTCA GCTrGATTTA 
GftTGTCACTG AATCAAGCTQ CTTCCGCCCT* (TTSTTCCTST GAATCTGCTC TT13GCTGGCX 
TSCTCTGGTGJTGCCTGCTT GCTTGCTTGC TTTGTTQCTT TGGAAGQCTJL TCCAAGATAT 
GZWiGCAATT Cl'lTAGGAAS. TAAATTGCTG /TTAACCCXAA CAAAC&AAAA CACTGCASSjC 
GAftATGGGTT AAAGGCCAMT CAGTGGQGGC GTTGACT&GG ACftCRTGGCT AKGQTCTAGA 
TGAACTGGGG AAATrCTTTA TGAAAXAIGT CAACTTTSIG ATCAAATGAT GTTSaTATAA 
AATTCTNTBA fiGCJGAATAAT TCffiCraalAC TTaTCTGlTT GSRAAGTACT CCAGaANCaT 
CTTQATTTAA TTATXIAAAG TTCCTAAAAT ATCCCCCCCT HGOTGTTrAC NPACTGmT 
ATCCCCftGrr GGTGCCTTXT GTCCCCATTA AATtGTJfTOC HCCASGATCS "EACCTIJSAAT 
CAATTT 



(46) 



#^2 0 0 1-510997 



(A)E?lJ®So : 662 base pairs 

(D) h:nDy- : mm 



dOCTCAG*^ CfAGMCTGT TACGAAATG& • CRGGTATCAft GTCCTGGGTa. ATArrC^TGC 60 

ATTTTftaTTG AACACCOiGG AaaTTTGBCA AATAAAGATG AGaaSVSWlA ACTTTAAAAa. 120 

TQCCCOilAG AGAAGCCCia GCCTTGaTl-T TTXaAGRGRT TflCCTXGCAT TGCGGTGGAA 18 D 

ACATAAAAAT CTCtCGTACSA ATGTTTTAAT GTOGAAGTrA AXRTXTAC\T ACTTAOiArr 240 

GTGTCTCCCT GftGAAAATCT TTGCTACTCT CAG&AATMT J«AC3V3&TTC TITAAQGGCT 300 

CASnsTAAJWaA. AGCTGTAGAA AAGTCCAGAA AAGACTGGGT AOaTrCA/SA GGGTNGGTAC 3S0 

CTGAITCAHA AASAGA13C3GA ISlRGAATrAAS AAGGGftftAAA AATTAQTSTN AAATGASCAA 420 

GAAATftGTAA CSTCTCAAACa. AOsIGACAAAI TCCCACTTGG GCftGAAGASC AGTCRTCUA 480 

GtAATCACAG SSAAMTGflAC CTINGGGAIG TSAATSACCC TTGGGTGGAtT GACAASSGGTT S40 

SAAaATTTGC CCTCCCCACT CCCTGTTGCA QCAGAATAMC GTATGAAAIG TTAASTGAA.C SCO 

TGAGGGCCAG GGTTGMJACA ACCCATTCCA TCCTGACCCC ACTTTGGCCA TATACTGATA S60 

CC SS2 

{i)il?ii<DttS : 

(A) l?y®g^ : 399 base pairs 

(C)Sgffl|£ : 



(47) #S2 0 0 1 

(xi) EpiJ ; 2 7 : 

CaiGTATGTT CAGTCACATA TGCOUiaGCC AAa3y\.GAXG CCCTGCTTTG TGTCTCTCTA 
CCTTATTCCT XTAGAAAGC3G CTOTtTCTGC ACATGGMGT CTSCSAGCAG CCXGTTCCjlX 
TCTCTCTCTA CCCTAGGGTr RCAGGTMGT AGCCATCGCT ACACCCTACT CTrTATCalGA 
GTGCTGGAGA TTC^'SSAaAA NCTCCCTATG CTTGTGTGGC TAGCACACTC ACCCACTAAG 
CAAGCCATCT ATCTTGCSAG TCAGCATTTT GATTTTCTTC TATGAAGCCX ATCAGGAGOta 
AAGGTGCAAT TAAAAAAAAA, 1CTATTATAT CTTAGGtCaT TTTGATCCTA CAATCCAAAG 
CtAtGAAATG AJiLCXTGSArT CTTTTCSTTA TTCASACAC 

{A)il?!)®:S^^ : 399 base pairs 

(B) Un<Dm : 

(C) tl®S : -^m 

.WACGGCCGC QGTATCCTGA CCdTGCAAAG GTAGCATA&T CACTTGTTCC rTAATTAGGG 
ACTAGAATGA AXGGCTAAAC GAGGGTTCAA CTGTCTCTTA CTTTCAftTOl GTGAAAXTGA 
CCTTCCAGTG AAGAGGCIGG AATCTCCCAA TRAGACGASS AGACCCTATG GASCtTTAAT 
TIACTAGTTC AACTTATATA AJAACAACCT AATGGGCTAA AACAAAATAA ATATGAACTA 
AAAAATTTCG GTTGGGGTGA CCTCGGAGAA TAAAAAATCC TCCGAATGAT TTTARCCTAS 
aCTCAJCSAGT CAAAGTAATA CTAJMATCTr flTTGACCCRA TTATTGATCA ACGGACCAAG 
t^ACCCTAGG GATAACAGCG CAATCCTATT TAAGAGtTC 



(48) 



#^200 1 5 10997 



<2)£?iJ##2 9<Dia?ij®?i« : 

(Ajii?jCDS* : 272 base pairs 

(B) ie?!iras : tm 
(P) ]~7t(nv- : mm^ 

KCGGCTCftGC GACTTCTTCT <3ft<3Gft<3<-TTG CTGGCCTCTG TCftlCTCCAG Q&aSCGCtCT SO 

CkGGGTCnGT GQCCACCCCT CACTTCCAfA. GCCCTGCSGA CCCCACMiTG CAGTCCTGGT 125 

GGCCTSaCTG TAACacCCAA CCCAfiCCCGG ACAATAlACa CCACGAGGai CTCCTTGACA ISO 

ACCTTTAATA TCCAGGATGG A.CCTGACTTT CAAGACCGAG TGGTCAACAG TGAJGACACCA 240 



STGGTISTGG RTTTCCACGC ACAGTGXSTR TT 

(A) K?JCDfi:$ : 145 base pairs 



2 72 



GCCTTTTGAG GTGGTGTGG& CCCTGCAAGA TCCTGGGecC GftGGITAGAE AfiGATGCTCGG SO 
COAGCAGCa CGGGAASGTG GTGATGGCCA AGGTGGAIAT TOATGACCAC ACAGACCTCG 120 
CCBTTGASTR TGRGGTATOG ATTGA 14S 
(2)S25^JS§3 l©ia5ij®tf|g : 

(A)iE?<i®S$ : 158 base pairs 

(D) hTSDS?- : ssa^i 



(49) 



001-510997 



TCCACCCaCG TGTCAGCGCT GCCCACTGTG CTGGCCaTGA AGAATGGGGA CGTGGTC-GAC SO 
AAGTTTGTGG GCATCiASCA TGaGGP.4:Ca.G XTGGAGGCCT TCCTSaASiiA GCT3RTTSGC 120 
TGACAAGC&G GC5ATGA3TCC TSGTrCCCTT GCCCGCG7 158 

(A)12?ljfflfi^ : 20 base pairs 

(C) tM®it : 

(D) : 



carGGCTCAG CGACTTCTTC 

(2} E5iJS^ 3 3 ^S2?'jO<t# : 

(A) iE?iJi^ft$ : 23 base pairs 

(B) E?IJ©M : 
(qil®IS : 



C3GTC3GTGTG3 ACCCTGCAftG ATC 2J 

(A)iJ?!j©:l^ : 23 base pairs 
(D) : g^tt 



(50) 



#^2 001-5 10997 



CCACCTTCKC CaxCACCACC TTC 
(2)SE?iJS^3 5©iE?ii®«m : 

(A) IS5IJ(t)^3 : 23 base pairs 

(B) mjmm : 

(D) h7t?ai;- : ar^tt 

(xi) mi : 3 5 : 



GGCflAGGGAA CCJUQGACTCS. TCC " 23 

(A)E^JCDm$ : 14 amino adds 

(D) h^^ai?- : m.m^ 
: S5iJS^3 6 : 

Val Val Val Asp Pbe Sex Ala THr Xrp Cys Gly Pro Cys L,ys 
1 5 ' LQ . 

(2) E5^J#^3 7®K?tjOti# : 

(A)E?ic!)SS? : 23 l»se pairs 
CB)ffi?!jC!)S : 

(D) hjlfDi.-- : giHtt 

(Ki)ie?if : g5'J#&3 7 : 



AACCTTTATC GTCCaSGATG GAC 



(i) se^uffltsi: : 

(A) ie?ijSDS2r : 22 base pairs 

(B) KM CDS : 

GCTGGGAGTT CTACTAGGTT CC 

(A}E?J®S^ ; 25 base pairs 

CCPIJUU^TSGT GAAGCTGATC SAGM 

(2) SE?»J 4-0 (E)E9iJ ©tn ft : 

(A) E?!l® M;cF : 25 base pairs 



TGATTACiQCa AiiCTCCGTAft. TAt3TG 



(52) 



m^Z 001-510997 



(i) SE^U^f^S: : 

(A) E?il©S^ : 18 base 

(B) Kjnj®S - 

(D) I^Tj^Dv- : Sll^ 
WIE^J : S?ij#^4 1 : 



cTQGcaccac accticxa 

(2) M!J#^ 4 2 ffllc^iJCff^ : 

(A)^?!]®^^ : ISbasepaiis 

(D) Vd^Di?- : K^t^ 
{xi)ga?J : E5'J#-t4 2 : 



GSGCACAGTG TGGGTGAC IS 

(i)E?iJ©eS : 

(A) E?iJiO:S$ : 48 base pairs 

(B) S2?^1(C51 : 

(C) SICif5 : 

(xi)IE?J : Sl?iJ#^4 3 : 



C&CC&CCTTC OCGTGCraTT TGGCEACOM CTTCTCTAAC CGAGGTCC 



43 



(53) 



#^200 1-5 109 9 7 



(A) EJIJCDS^ : 4S base pairs 

(B) nmcom -. mm 

(D) V7)r.uv~ : B^^^^ 
(xi) 12511 : E?!]#^4 4 : 



CTGCAAXCTI SGCGTGCftTT TGftCTTCiCA CTCTGftAGCA ACATCCTG 

(0 E3?ilCDt4S : 

(A) : 21 base pairs 

(B) E5IJOS : «S 

(D) f:i?nj/-- : m.m. 
(xi) B55IJ : ffiJUS-? 4 5 : 



G&XS&CCCAG aTCATSTTTG A 

(i) iEJiJiDSig : 

(A) i3H£DS? : 33 base pairs 

(B) EJiJOS : «K 
(q«(73i[ : -^^ 

(xi)i2?J : ffi?J#^4 6 : 



ACCACCftfiAG TCCaTATQAC AACCTTTAAC GTC 



13 



(54) 



#^2 001-510997 



(A) SeifJOS? : 32 base pairs 

(B) lejtjGSSi : itm 



CTGGCCGGai CCCraCTEftT CAGCCAATTA gc 

{A)im(D^S : 4g base pairs 

(B) E?IJ<DS : mm 

(C) ^(CSfe : 

(D) h#ni;- : itatt 
(xi)|B?J : ga5!J#^4 8 : 



GaCAACTCIG TCTTSAftasT CRGGTCCATC CTGGfl.CGTTA SAGCTTGT 



001-510997 



[1^1] 
Fig. lA 



TGA CGG GCA GGC CGG CTG GGC TCT GCA TCC CTC TGC TCA CAC TGC COG 

GAG ATG GCT CAG CGG CTT CTC CTG AGG AGG TTC CTG ACC TCA GTC ATC 

MAQRLLLRRFt-TSVr 
TCC AGG AAG CCT CCT CAG GGT GTG TGG GCT TCC CTC ACC TCT ACG AGC 

SRKPPQGVW AS LTSTS 
CTG CAG ACC CCT CCG TAC AAT GCT GGT GGT CTA ACT GGA ACA CCC AGC 

LQTPPYNAGGLT6TPS 
CCT GCC CGG ACA TTT CAC ACC ACC AGA GTC TGT TCA ACA ACC TTT AAC 

PARTFHTTRVCSTT FN 
GTC CAG GAT GGA CCT GAC TTT CAA GAC AGA GTT GTC AAG AGT GAG ACA 

VQDGPDFQD R V V N S E T 
CCA GTT GTC GTG GAC TTT CAT GCA CAG JtGG TGT GGC CCC TGCj AAG ATC 

C 



PVVVDFHAQ „^_,_«_^_^__ 

CTA GGA CCT CGG TTA GAG AAG ATG GTA GCC AAA CAG CAC GGG AAG GTG 

LG PRLEKMVAKQH6KV 
GTG ATG GCC AAA QTQ GAC ATT GAC OAT CAC ACA GAC CTT GCC ATT GAG 

VMAKVDIDDHTDLAIE 
TAC GAG GTG TCT GCT GTG CCT ACC GTG CTG GCC ATC AAG AAC GGG GAC 

y EVSAVPTVLAlKMGD 
GTG GTG GAC AAG TTT GTG GGG ATC AAG GAC GAA GAC CAG CTG 6AA GCC 

VVDKFVGIKDEDQLEA 
TTC CTG AAG AAG CTA ATT GGC TGA CAAGCAGGQAAGAGGCCAGACTGCCCTTGCC 

F L K K li I G **» 
TGCTGGAAACCCATTTGGGGAGGAACCTAGTMAACTCCCAGCCCTCAGCTGTCATCCTTCGT 
GCC CTGC CCCTGTTTTaTCCTTGTGGGTCTTGCCTTTGGGCAGCAGACTTCCAAACCTAGAA.G 
CCACCAGCACTTCAGAGCCAGCCCTCAGCCAGGATGGCCAGGAGAGGGGCAATGCTGCCGATG 
GTGTGGAGGAGGGGCATCCTGAGCACCTCCTACTGTGTGCTTCTCCTGTGCACCTACTGTGTG 
CTTCTTCTAGSSCTTGTTGCTATTCCCCTAGATGCTAGACAAAGCCTGGGCCAGCCTGTATTC 
ACCGCCCAGGCAATGGCCCAGTCCTCGTCTCTGAGGTCCTCTGATCTGAAGCCTCAGCCCCAC 
ACACACACATCTGQCTCTGGTGTATTTCCTCTCCTGCCTCTGCrrGAAAAGGAAACAAGAAGC 
TQAACAAGTGAGAGTAATaaATAATTCTCTCATCTTXTGTAG(n'CTGTAATAAAGAACTT^ 
GTGATCCTTCTACCTCOTXKirTGTGAaGAACaGAGCCCACCCCA^ 

TCTTCCTTGTCACCTCCCTGGGTTRGCTGGGCCTTGGTTCTGGTTCCCTGAGCAGQAGGAGGA 
GCTGTGAACAAGCAGAC CAATAAAAC CAGGTTTGCATTGCCCCAAAAAAAAAAAAaAAAAARA 
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